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GENERAL

ENERGY POLICY AND FORECASTS

EIA REDUCES FUTURE OIL PRICE

PROJECTIONS IN NEW AEO

The United States Energy Information Agency
(EIA) publishes at the start of each year an An

nual Energy Outlook (AEO). The Annual En

ergy Outlook 1999 (AE099) contains forecast

scenarios going out to the year 2020.

World Oil Markets

In AE099 the projected prices for oil over the

next 2 decades are much lower than in recent

past forecasts. Prices for other energy com

modities are ultimately driven by oil prices. In

Figure 1 the current forecast for United States

wellhead oil prices is compared to that used in

AE092 when both are plotted in 1997 dollars.

In 2020 the average crude oil price is projected

to be $22.73 per barrel On 1997 dollars), com

pared with a projection of $37.52 in 2010

inAE092. With the economic downturn in

many Asian nations and lower expected growth

in world oil demand, world oil prices are now

expected to remain low over the next several

years.

After the start of the next decade, world oil de

mand is expected to rebound. Worldwide de

mand for oil is projected to reach 114.7 million

barrels per day in 2020, only slightly lower than

recent previous forecasts.

Through 2020 relatively low prices are projected

even as the demand for oil increases. This is

because of continued optimism about the supply

potential in both the Organization of Petroleum

Exporting Countries (OPEC) and the non-OPEC

nations. OPEC oil production is expected to

reach 58.8 million barrels per day in 2020,

nearly double the 29.9 million barrels per day

produced in 1997. Once sanctions are lifted,

Iraqi oil production is expected to reach

2.5 million barrels per day within 2 years and

about 5 million barrels per day within a decade.

Outside the Persian Gulf, expansion of

FIGURE 1

U.S. CRUDE OILWELLHEAD

PRICES. 1970-2020
(1987DoBaraperBarrel)

eoh

Uw Price

1970 1960 1980

SOURCE: EIA

2010 2020

production in the offshore regions of Nigeria and

Algeria and in Venezuela should make a signifi

cant contribution to OPEC production.

Non-OPEC oil production is expected to in

crease rapidly, reaching 55.6 million barrels per

day in 2020. Contributing to the growth are a

near doubling of production in the former Soviet

Union by 2020 (primarily in the Caspian Sea oil

fields), new fields in the North Sea and in

creases in the offshore regions of West Africa.

Mexico and the rest of Latin America are pro

jected to increase production by more than

50 percent, particularly in Brazil and Colombia.

US Energy Consumption and Energy

Intensity

Total United States energy consumption is pro

jected to increase from 94.0 to 119.9 quadrillion

BTU (quads) between 1997 and 2020, an aver

age annual increase of 1.1 percent.

Transportation demand grows on average by
1.7 percent per year. The introduction of direct-

injection engines and other advanced automo

tive technologies improves the efficiency of
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light-duty vehicles, but the improvement is more
than offset by higher travel, resulting from

higher projected personal income. Recent data

indicate higher load factors and efficiency for

aircraft, which are offset by more air travel.

Freight requirements for both rail and trucks are

also higher, primarily because of economic

growth.

AE099 incorporates efficiency standards for

new energy-using equipment in buildings and for

motors mandated by the National Appliance

Energy Conservation Act of 1987 and the En

ergy Policy Act of 1992 (EPACT).

Energy intensity, measured as energy use per

dollar of Gross Domestic Product (GDP), has

declined since 1970, particularly when energy

prices have risen rapidly (Figure 2). Between

1970 and 1986 energy intensity declined at an

average rate of 2.3 percent per year as the

economy shifted to less energy-intensive indus

tries and more efficient technologies. With

moderate price increases and the growth of

more energy-intensive industries, intensity im

provements were flat between 1986 and 1996.

From 1 997 to 2020 intensity is projected to im

prove at an average rate of 1 .0 percent per year

as efficiency gains and structural shifts in the

FIGURE 2

ENERGYUSE PERCAPITAAND

PERDOLLAROF GDP, 1 970-2020
(Index, 1970-1)

Projections

1970 1980 1990

SOURCE: EIA

2000 2010 2020

economy offset growth in demand for energy

services.

Energy use per person also declined from 1970

through the mid-1980s, then increased as en

ergy prices dropped (Figure 2). Per capita en

ergy use is expected to remain stable

through 2020 and below the high reached in the

early 1970s.

US Petroleum Demand and Supply

United States petroleum demand is now pro

jected to grow at an average rate of 1.2 percent

per year through 2020, led by continued growth

for transportation, which accounts for about

70 percent of petroleum use in 2020. Increases

in travel more than offset efficiency increases,

and higher economic growth increases freight

and shipping, and thus petroleum use,

through 2020.

United States crude oil production declines at an

average rate of 1.1 percent per year between

1997 and 2020 to a projected level of 5.0 million

barrels per day. Advances in oil exploration and

production technologies do not offset declining
resources. Total petroleum production (Fig
ure 3) is shored up by production of natural gas

plant liquids, which partially offsets the decline

in crude oil production.

Declining production and rising demand lead to

increasing petroleum imports through 2020

(Figure 4). The share of petroleum consump
tion met by net imports rises from 49 percent in

1997 to 65 percent.

Natural Gas

The average wellhead price of natural gas is

projected to increase from $2.23 per thousand

cubic feet (MCF) in 1997 to $2.68 per MCF in

2020. This compares to a projection of $5.01

(in 1997 dollars) in 2010 that was used in

AE092. Continued technological improvements

in the exploration and production of natural gas

are now projected to moderate the price in

crease even as demand grows rapidly.
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FIGURE 8
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FIGURE 4

NETENERGY IMPORTS
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Natural gas consumption increases by an aver

age of 1 .7 percent per year. Demand increases

in all sectors, but the most rapid growth is for

electricity generation, which is projected to in

crease from 3.3 to 9.2 trillion cubic feet between

1997 to 2020, excluding cogenerators.

Natural gas production is projected to increase

from 18.9 trillion cubic feet in 1997 to

27.4 trillion cubic feet in 2020. Additional sup

plies of natural gas are provided by imports.

Net imports of natural gas, primarily from Can

ada, increase from 2.8 to 5.0 trillion cubic feet

between 1997 and 2020 (Figure 4).

Coal

In AE099 the average mine-mouth price of coal

is projected to decline from $18.14 per ton

in 1997 to $12.74 per ton in 2020, as a result of

increasing productivity in the industry, more

production from lower-cost Western mines and

competitive pressures on labor costs.

Coal consumption increases from 1,030 to

1,275 million tons between 1997 and 2020, an

average annual increase of 0.9 percent.

About 90 percent of the coal use is for electric

ity generation, and coal remains the primary fuel

for generation, although its share of generation

declines by 2020. Coal production grows from

1,099 million tons in 1997 to 1,358 million tons

in 2020.

Renewable Fuels

Renewable fuel consumption, including ethanol

used for blending in gasoline, increases at an

average rate of 0.8 percent per year through

2020 (Figure 3). About 60 percent of renew

ables are used for electricity generation and the

rest for dispersed heating and cooling, industrial

uses, and fuel blending.

Total renewable energy production is projected

to increase from 6.8 to 8.2 quads between 1997

and 2020 with growth in electricity generation

from geothermal, biomass and municipal solid

waste, and in industrial biomass and ethanol

use. AE099 incorporates ethanol production

from cellulose beginning in 2001 , which was not

included in previous forecasts.
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FIFTY-YEAR TRANSFORMATION TO

ALTERNATIVE ENERGY SOURCES SEEN

POSSIBLE

Within the next half century the world's popula

tion will increase significantly and, in order to

serve the needs of growth and economic devel

opment, energy production will necessarily in

crease by a significant amount. The means by
which the world will simultaneously resolve the

dilemma posed by increased population, de

mand for energy and concern for the environ

ment will greatly impact the quality of life for

most of the people on Earth, says H. Gluskoter

of the United States Geological Survey.

In a paper presented at the
217th

American

Chemical Society National Meeting held in Ana

heim, California, in March Gluskoter notes that

the most recent biennial revision of population

estimates and projections of the United Nations

Population Division (1998) shows the rate of

increase in the world population to be slowing.

The current world population is 5.9 billion per

sons and the medium fertility projection is for

the world population to reach 8.9 billion in 2050.

That is somewhat lower than previous projec

tions. This slowing of the rate of population in

crease is the result of two factors, one of which
most people would consider positive and the

other negative. The global fertility rates have

decreased in the past 50 years from five births

per woman to the current level of 2.7 births.

Although the decline in fertility is worldwide, it is
most pronounced in the developed countries,

many of which have birth rates below that nec

essary to maintain a stable population.

The second factor affecting the rate of popula

tion growth is the devastation brought about by
the epidemic of HIV/AIDS in much of the world,

especially Africa. According to the United Na

tions Population Division report, the 29 hardest

hit African countries have average life expec

tancies that are 7 years less than they would

have been in the absence ofAIDS.

Population and Energy Consumption

Historically, a growth in world population has

been accompanied by an increase in demand

for energy. From 1970 to 1990 the total world

commercial energy consumption increased

59 percent while the world population was in

creasing 43 percent (Figure 1).

FIGURE 1

GROWTH INWORLD POPULATION

lANDWORLD ENERGYCONSUMPTION!

150
1970 1975 1980

Year

1985 1990

SOURCE! OUISKOTER

Population, alone, is not an accurate predictor

of energy consumption. This is because there is

a wide range in energy consumption per capita

between the developed, developing and under

developed countries. On a worldwide basis, the

mean annual per capita energy consumption is

59gigajoules (1 gigajoule = 947,800 BTU).

However, the developed nations consume en

ergy at a rate that is 1 or 2 orders of magnitude

greater than that of the developing countries.

For example, Mexico, Malaysia and Argentina

have per capita energy consumption near the

mean value (59, 52 and 60 gigajoules, respec

tively) and the per capita consumption in the

United States and Canada is 317 to

319 gigajoules. At the lower end of the scale

are Nigeria (7 gigajoules), Bangladesh (3 giga

joules) and Haiti (1 gigajoule).

The population growth will be mainly in coun

tries in which the energy use is below the mean

for the world. The 10 countries projected to

have the largest national populations in 2050

are, in descending order, India, China, United
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States, Pakistan, Indonesia, Brazil, Nigeria,
Bangladesh, Ethiopia and the Democratic Re

public of the Congo. If they were to keep their
per capita energy consumption constant during
the next 50 years, they would only utilize

140 percent of their current energy in 2050. If

the United States were to continue using energy
at the current rate and the other 9 countries

were to increase their rate to that of Spain

(85 gigajoules per capita), then the 10 largest

countries in 2050 would increase their energy

consumption to 395 percent of that used today.

The Gross Domestic Product (GDP) is an eco

nomic indicator that correlates with many pa

rameters considered to be associated with stan

dard of living or quality of life. An example of

parallel growth of GDP and energy consumption

in a country experiencing rapid economic de

velopment is shown in Figure 2. From 1970 to

1992, the per capita energy consumption in

Mexico increased 86 percent and the GDP in

creased 57 percent. Because of the correlation

between economic development, expressed as

GDP, and energy consumption, it is reasonable

to use GDP as a proxy for energy usage.

FIGURE 2

PERCAPITAGDPAND ENERGY

CONSUMPTION PERCAPITA

INMEXICO

1950 1955 1960 1965 1970 1975 1980 1965 1990

Year

SOURCE: OLU8KOTER

Economic Growth and the Environment

Kuznets Curves

The environmental Kuznets curve, named for

Nobel laureate economist, S. Kuznets, plots the

relationships between environmental quality

factors and per capita income.

Environmental Kuznets curves commonly ex

hibit one of three shapes. The first represents

an environmental benefit that increases con

tinually with increasing per capita income, an

example of which is safe drinking water. In this

case the benefits to individuals are high

(survival is at stake) and the costs of provision

are fairly low. The second shape shows a con

tinuous increase in environmental impact with

rising incomes. For example, increasing carbon

emissions per capita represents current prac

tice.

The Kuznets curve that has received the most

interest and has elicited the most discussion has

an inverted
'U'

shape and it has been used to

predict air quality as related to economic devel

opment (Figure 3). The inverted
'U'

shape indi

cates that outdoor air pollution, including sulfur

dioxide and suspended particulate matter, in

creases in the early stages of a nation's devel

opment, eventually reaches a maximum and

then declines as per capita income continues to

increase.

FIGURE 3

AMBIENTSULFURDIOXIDE
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The inverted U-shaped Kuznets curve could be

interpreted to suggest that some environmental

impacts of economic development are not seri

ous because they will decline over time. Envi-
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ronmental degradation can be offset at a cost-

scrubbers on powerplants, for exampleand

increased per capita income gives nations the

wealth with which to afford the cost. Techno

logical developments and increases in the rate

of technology transfer from the developed to the

developing countries could accelerate the rate

of improvement of environmental quality and

allow for improvements in air quality to take

place at lower per capita income levels than

predicted from the historical data.

Gluskoter notes that not all economists are as

sanguine about the concept of the Kuznets

curves as the preceding paragraph might sug
gest. Among the points that critics make is that
the data are analyzed by country and do not

take into consideration international trade and

the possibility that wealthier countries are
"exporting"

their environmental problems to less

developed countries.

Alternative Energy Sources

More than two-thirds of the primary fuels cur

rently consumed in the world is used to produce

electricity, twice the share of 50 years ago. But,
there are still 2 billion people in the world one-

third of the populationwithout access to elec

tricity. The installed electricity capacity of the

world is predominantly thermal (coal, gas and

oil) with hydroelectric and nuclear power con

tributing significant amounts. Geothermal, wind,

solar, biomass, photovoltaic and other
"renewable"

sources make up less than

1 percent. The United States leads the world in

the use of renewables for generating electricity,

comprising 80 percent of the world's total. Pro

ponents of renewables for generating electricity

take some encouragement from the double-digit

growth in global shipments of photovoltaic cells

and in a similar growth rate in global wind power

generating capacity. However, there will neces

sarily have to be much larger absolute increases

in generating capacity from wind and solar be

fore they have a significant impact on the

world's totals. Currently, photovoltaics produce

0.003 percent of the world's electricity and wind

produces 0.2 percent.

The challenge is great and may not be met,

says Gluskoter. However, technological

changes can transform society in a matter of

decades. The electric lamp, for example, was

invented a little more than 100 years ago. The

modem version of that lamp is 90 times as effi

cient as the original. Nuclear energy as a

source of generating electricity did not exist half

a century ago and now represents 12 percent of

the world's installed capacity and accounts for

77 percent of the electricity produced in France.

Looking ahead 50 years, it is not out of the

realm of the plausible to imagine an energy re

gime that has not only evolved beyond fossil

fuels but has done so before the current coal, oil

and gas resources are exhausted.

OIL PRICES PROJECTED TO RECOVER

IN 2000

With a dismal forecast of layoffs and low oil

prices, many petroleum industry insiders fore

cast 1999 to be a difficult year for the oil and

gas business. The editors of Petroleum Engi

neer International agree but believe that there is

hope in the new millennium. Petroleum Engi

neer International forecast for 1999 was sum

marized by J. Perdue in the January 1999 issue,
pages 22, 28, 29.

One of the results for low prices may be a gain

in market share for Organization of Petroleum

Exporting Countries, whose oil production costs

are less than $2 per barrel compared with

$7 per barrel in some other countries.

Cutting Costs

Oil industry costs must be slashed to below

$10 per barrel if companies are to survive in the

current low oil price environment, according to

F. Gugen of Amerada Hess. "It is costing us

$12 per barrel to extract oil from the North Sea

when you add everything up, including explora

tion, development and
operations,"

he said. "I

6
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want to bring costs down below $10, quickly,
safely and with improved environmental per
formance."

According to BP chief executive J. Browne, oil

companies would be going out of business in

the current price regime if it were not for ad

vances in technology. The current cost of get

ting oil from the ground is a third less than in the

late 1980s, and these savings are helping the

industry weather lower prices, Browne said.

Mergers, acquisitions, alliances and joint ven

tures are proving to be essential for cutting

costs. For example, the BP Amoco merger will

save an estimated $2 billion, thus more mega-

mergers are expected. Even before October,
global oil mergers had smashed all previous

records, topping $112 billion more than the

previous 2 years combined. Smaller mergers

like Kerr-McGee's $1 .7 billion takeover of Oryx

Energy will also continue because low prices

have drastically reduced the cash flow of highly
leveraged independent companies.

Capital Expenditures

In the short term several major operators have

announced reductions in capital expenditures

due to high costs and low oil prices. Among
them are Texaco, which will spend 5 to

10 percent less than the $4.6 billion planned;

Chevron, which cut its deepwater budget by
$50 million to $100 million; BHP, which cut its

exploration spending from $132 million to

$100 million; and Shell Oil Company, which is

even considering cutting back on its core area

of deepwater exploration.

A. Churchill of the Washington International En

ergy Group stated that global investment in the

energy sector will increase 25 percent to about

$100 billion in the next 5 years, basing his claim

on research covering exploration, development

and production expenditures between 1991 and

1995. At the same time, natural gas demand is

expected to grow dramatically in most countries,

but infrastructure, markets and government

pricing policies are inadequate for profitable gas

delivery in some countries.

Rigs and Support Vessels

According to Nabors
Industries'

annual United

States rig census, land rig day-rates declined

3.7 percent on the Gulf Coast, 8.9 percent in the

Mid-Continent region and 22.5 percent in the

Permian Basin in 1998 compared to the previ

ous year. R. Caldwell of Reed Tool Company

said that in 1998, 1,305 rigs met the census

definition of active, down nearly 10 percent from

the year before.

Day rates for offshore rigs rose 61 .6 percent in

1997, but they only rose 16.7 percent in 1998.

Recent depressed oil and gas prices have re

sulted in declining day rates and decreased

utilization of offshore rigs, particularly in the

shallowwaters of the Gulf ofMexico.

Worldwide demand for supply vessels is ex

pected to grow after a short-term lag, according

to a report by Ocean Shipping Consultants.

Demand for tugs, support vessels and supply

boats will grow in the short term, while seismic

vessels continue to enjoy a healthy market.

This growth trend will be partially offset by lower

manning levels on platforms and the move to

ward more subsea developments.

Demand for supply vessels is expected to in

crease by 9 percent until 2000, with still more

growth predicted by 2005. Daily rates for supply
vessels are likely to fall from $23,100 in 1997,
to $15,500 in 2001.

When Will Prices Go Up?

In answer to the original question, prices will

likely bottom out in 1999 and start back up as

2000 nears. Asia's economic woes could be

over by 2000 and "a rebound could already be

in the
making,"

according to D. Yergin of Cam

bridge Energy Research Associates. "The

global oil industry would be among the first to

respond to firm proof of recovery in
Asia."

Asia

has been responsible for nearly 50 percent of

the world's growth in oil consumption in recent

years.
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STUDY OF FEDERAL SUBSIDIES SAYS

RENEWABLES HAVE BEEN OVER-FUNDED

A study by Management Information Services,
Federal Incentives for the Energy Industries, has
pinpointed which sources of energynot which

type of provider received the most federal

dollars over the past 50 years.

This report estimates the subsidies and incen

tives provided by the federal government to

United States energy industries, disaggregated

by energy source and subsidy mechanism. As

shown in Table 1, through 1997 federal subsi

dies totaled $564 billion (1997 dollars):

Oil received $272 billion

Renewable energy (hydro, solar, geo

thermal) received $90 billion

Nuclear energy received $61 billion

Natural gas received $73 billion

Coal received $68 billion

The $564 billion was distributed unevenly

among subsidy mechanisms. Tax incentives

accounted for $242 billion of the total

(43 percent), while regulatory incentives ac

counted for $116 billion (21 percent). Research

and development expenditures totaled

$103 billion (18 percent), market activities to

taled $55 billion (10 percent), government serv

ices totaled $41 billion (7 percent) and dis

bursements totaled $7 billion (1 percent of the

total).

The major findings put forth by this study in

clude:

The federal government has subsidized

the energy sector primarily (60 percent)

through
"off-budget"

monies, that were

never part of the appropriated federal

budget.

The oil industry has been the major

beneficiary of federal subsidies, receiv

ing half of all funds.

The public perception that renewable

energy sources have been short-

TABLE 1

THE COST OF FEDERAL INCENTIVES FOR ENERGY DEVELOPMENT

THROUGH 1997 (Billions of 1997 Dollars)

Nuclear Hydro Coal Oil

Natural Solar Geo-

Gas Energy thermal Total Percent

R&D $54.1 $1.1 $22.2 $5.8 $4.7 $12.8 $2.4 $103.1 18

Regulation 8.9 3.6 5.4 95.5 2.5 115.9 21

Taxation 9.4 23.7 138.2 63.7 6.0 1.2 242.2 43

Disbursements (4.0) 1.2 4.0 4.5 1.1 6.8 1

Govt Services 2.4 1.2 11.0 24.0 1.1 1.2 40.9 7

MarketActivity 46.0 1.4 3.9 1.4 1.1 1.2 55.0 10

Total $61.4 $62.5 $67.7 $271.9 $73.4 $22.2 $4.8 $563.9

Percent 11 11 12 48 13 4 1 100

Note: Incentives include all forms of federal assistance, such as tax deductions and credits, R&D programs,

grants, demonstration programs, subsidized loans, directed procurements, regulation, provision of

services, infrastructure development, information dissemination, etc.
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changed at the expense of nuclear

power and other energy sources is not

correct: Federal subsidies for renewable

energy totaled $90 billion, compared to

$73 billion for natural gas and less for

coal and nuclear.

Evaluated against the contributions be

ing made to United States energy supply,
oil has received roughly its proportionate

share of energy subsidies, while nuclear

energy, natural gas and coal have been

under-subsidized, and renewables

especially solar energy have received a

disproportionately large share of federal

energy incentives.

Forecasts through 2010 indicate that the

contributions of renewables to energy

and electricity production will remain

negligible, and research and develop
ment investments in these technologies

will produce no return on investment.

The debate over industry subsidies and

stranded investments in electric utility

restructuring must be reassessed on the

basis of these findings.

Contrary to conventional wisdom, gov

ernment subsidies for solar and renew

able energy will not alleviate global

warming in the foreseeable future, and

policies based on this assumption must

be rethought.

TECHNOLOGY

PROPERTIES OF SASOL SLURRY PHASE

DISTILLATE DIESEL FUEL LISTED

Some comparative chemical, physical and

compatibility properties of Sasol Slurry Phase

Distillate (SPD) diesel fuel have been listed in a

Society of Automotive Engineers Inc. paper,

No. 982488, by P. Morgan et al. of Sasol. Die

sel fuel has not escaped the worldwide drive to

produce fuels that will minimize harmful exhaust

emissions from engines. The focus of so-called

reformulated diesel fuels has therefore been on

the reduction ofthe sulfur and aromatics content

(particularly polycyclic aromatics) as well as on

increasing the diesel's cetane number.

Sasol SPD diesel has a high cetane number

(>70) and negligible sulfur and aromatic con

tents. Significant reductions in the emissions

from diesel engines using Sasol SPD diesel

have been demonstrated.

The National Conference on Weights and

Measures is in the process of defining a higher

quality diesel fuel for modem diesel engines

which has been termed Premium Diesel. Pre

mium Diesel will be defined as a diesel which

has at least two of five fuel performance prop

erties superior to the United States standard

diesel fuel (ASTM D 975). The five premium

diesel properties are:

Energy content

Cetane number

Low temperature operability

Thermal stability

Fuel injector cleanliness

The paper by Morgan et al. examines how the

Sasol SPD diesel matches up to some of the

above criteria and how it can be used as a blend

component to allow lower quality diesels to meet

these criteria.

Test Fuel Properties

The basic properties of the fuels and blends of

the fuels used in this study together with the

California Air Resources Board (CARB) refer

ence fuel specification are shown in Table 1 .

Blend Results

Worldwide the specification trends are toward

diesel fuel with a high cetane number, low aro

matic and sulfur contents and a lower density.

As can be seen in Table 1 , the Sasol SPD diesel

has these desired properties and, except for API
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TABLE 1

PROPERTIES OF TEST FUELS

Test Fuel

Sasol US2-D 30:70 50:50 80:20

Test SPD Grade Blend Blend Blend CARB

ProDertv Method Diesel Fuel SPD:2D SPD:2D SPD:2D Specification

Density at 15C (kg/I) D4052 0.7769 0.8547 0.8292 0.8140 0.7909 -

API Gravity 50.6 34.0 39.1 422 47.3 33-39

Distillation (C) IBP D86 189 184 192 191 193 171-216

10% 209 214 209 209 209 204-254

50% 256 259 258 258 258 243-293

90% 331 312 318 322 329 288-321

FBP 356 342 348 356 359 304-349

Viscosity at 40C (cSt) D445 2.43 2.35 2.35 2.36 2.40 2.0-4.1

Flash Point D93 67 69 - - - 54 (min)
Cetane Number D613 >73.7 40.3 50.9 55.2 62.2 48 (min)
Sulfur (mass%) D4294 0.001 0.022 0.018 0.015 0.006 0.05 (max)
SFC Aromatics (vol.%) D5186 2.68 38.22 27.05 20.40 9.92 10 (max)
HPLC Aromatics (mass%) HPLC 0.47 32.78

Monocyclic 0.44 23.39

Bicyclic 0.03 8.70

Polycyclic <0.01 0.69 1.4 (max)

gravity and final boiling point, it conforms to all

the CARB diesel requirements. The effect on

cetane number of the addition of Sasol SPD

diesel to 2D diesel can be seen in Figure 1.

Some of the other properties of the Sasol SPD

diesel and blends of SPD and 2D diesels and

how they match up to some of the Premium

Diesel criteria are summarized in Table 2

(page 12).

Due to the isomerized nature of the paraffin

molecules in the Sasol SPD diesel, it has good

low-temperature characteristics. Figure 2

(page 12) shows the results of the three cold-

flow property tests, the Cold Filter Plugging
Point (CFPP), cloud point and the Low-

Temperature Flow Test (LTFT) carried out on

the Sasol SPD diesel, the 2D diesel and the

blends. The low temperature properties of the

Sasol SPD diesel are dependent on plant condi

tions and the type of hydrocracking/hydro-

isomerization catalyst used. The low tempera

ture properties of the diesel from the production

plant may differ from the pilot plant results but

are expected to be good based on current data.

Highly branched paraffins that result in good

cold-flow properties normally lead to a fuel with

a low cetane number. According to Mor

gan et al., this apparent contradiction in the re

sults obtained on Sasol SPD diesel, which has

both good cold-flow properties and a high

cetane number, can possibly be explained by
the fact that predominately methyl branching
occurs in the terminal positions on the paraffin

chains during the hydroisomerization process

used to produce the diesel. This results in suffi

cient branching to prevent wax crystallization

while leaving enough of the straight chain por

tion of the molecule to provide a high cetane

number.

10
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FIGURE 1

CETANE NUMBEROF SASOL
SPD DIESEL, 2D DIESEL

AND BLENDS
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SOURCE: MORGANETAL-

Conclusions

Conclusions listed by Morgan et al. include:

Most Sasol SPD diesel properties far ex

ceed current and proposed fuel quality
and emissions specifications. It has a

high cetane number, excellent low-

temperature properties, negligible sulfur

and aromatic contents and excellent

thermal stability.

Sasol SPD diesel, because it is hy
drotreated, does not have good natural

lubricity properties. It did, however, re

spond well to the use of lubricity im

prover additives.

Sasol SPD diesel, 2D diesel and their

blends were found to be equivalent in

corrosion performance.

The effect of the Sasol SPD diesel on

the properties of the elastomers nitrite

rubber and Won is similar to conven

tional diesel.

Sasol SPD diesel is readily biodegrad

able and is significantly more environ

ment-friendly than the conventional

2D diesel used for these tests.

GASIFICATION WILL BE THE GATEWAY TO

A CLEANER FUTURE

Gasification is one of the key technologies to

address the main environmental issues of today.

The contribution It can make is only just being
recognized but there is now a trend toward gasi

fication technology as a response to environ

mental legislation which has been put in place

especially in Europe over the past decade.

D. White, an independent energy consultant,

described how such legislative measures are

leading to the application of gasification in a

broad spectrum of circumstances, at the

1998 Gasification Technologies Conference

held in San Francisco, California, in October.

Gasification is a versatile technology which can

be applied in many areas:

Power generation

Transport sector emissions and the im

pact on fuel quality

Waste recycling including plastics

Sewage sludge disposal

Carbon dioxide-free power generation

Biomass conversion

11
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TABLE 2

PERFORMANCE PROPERTIES OF SASOL SPD DIESEL, 2D DIESEL AND BLENDS

Sasol US2-D Premium

SPD 80:20 50:50 30:70 Grade Diesel

Property Test Method Diesel SPD:2D SPD:2D SPD:2D Diesel Specification

Energy Content, MJ/I

(gross heating value) ASTM D 270 36.60 - - - 38.55 38.66 (min)
Cetane Number ASTM D 613 >73.7 62.2 55.2 50.9 40.3 47 (min)
LowTemp. Operability:

CFPP (C) IP 309 -37 -37 -34 -31 -21

Cloud Point (C) ASTM D 2500 -29 -26 -21 -18 -18
*

LowTemp. Flow Test (C) ASTM D 4539 -32 -31 -21 -21 -20

*

Thermal Stability
(% reflectance) Octel F21-61

(180 min., 150C)

99.1 90.0 81.2 70.4 66.5 80 (min)

Lubricity:

SL BOCLE (g) ASTM D 6078 2700 2700 3050 3650 3950
**

HFRR (WSD in \iM) CEC F-06-A-96 567 491 473 491 485

"Dependent on minimum local ambient air temperature

Deferred at present

FIGURE 2

COLD PLOWPROPERTIES OF

SASOLSPD DIESEL. 2D DIESEL

AND BLENDS
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SOURCE: MORGANETAL.

Power Generation

The emissions limits imposed on the European

power industry were set out in 1988 by the

European Union's (EU) Large Combustion Plant

Directive. The legislation contained two main

components. The first was a series of national

emissions reduction targets for SO2, NOx and

particulates for each member state to be im

plemented over a 15-year period in three 5-year

phases, reductions taken from emissions in

1980 as the base year. The second was a set of

specific limits on the three pollutants mentioned

above for all new plants planned to operate on

coal, oil or gas. A sliding scale was introduced

to allow smaller combustion plants more latitude

than the larger installations such as power-

plants.

Three countries have recognized the merits of

gasification. In The Netherlands the Buggenum

project is demonstrating coal-fired Integrated

12
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Gasification Combined Cycle (IGCC) on a large

scale. The project can now be considered a

success and is acknowledged as the cleanest

coal-based plant in Europe. Spain has followed

with the PuertoUano project converting a mixture
of local coal and petroleum coke to power. In

Italy, where heavy fuel oil continues to be used

as a fuel to the power sector supplemented by a

growing quantity of imported natural gas, three

joint-venture arrangements to install IGCC op

erating on heavy oil residues are due for com

missions in the summer of 1999.

In these projects, power is the prime product of

the gasification process. Another driver for

gasification at refineries is the generation of hy
drogen.

In summary, says White, it can be argued that

in the power sector, gasification is now being
pushed by environmental constraints and pulled

by the major advances in gas turbine technol

ogy. Developments over the past 15 years put

combined-cycle gas turbine systems well in the

lead in power generating technology, unrivaled

on capital cost, with minimal emissions and high

efficiency.

Transport Emissions and Fuels

The European, United States and Japanese de

bate on urban air quality has been focused on

the transport sector for many years. Increas

ingly stringent requirements for gasoline and

diesel have come into play as air quality stan

dards are tightened and more and more vehi

cles hit the road. In Europe now, low sulfur lim

its have been set along with improvements in

other specification points such as a reduction in

aromatic components. Reductions in the sulfur

content of diesel and gasoline have to be

achieved by hydrodesulfurization. Conse

quently, most refineries are becoming short of

hydrogen and must find ways of generating it

either by reforming natural gas or by gasification

of streams such as heavy oil residues.

In Europe, gasification had been used for many

years at the German Leuna refinery and at the

Schwarze Pumpe complex. Following re

unification, the French companyElfpur

chased the Leuna refinery and has substantially

expanded the gasification capacity with a new

gasifier. The largest oil gasifier has now been

built by Shell at their Pemis refinery in Rotter

dam. A new refinery complex has been com

pleted and successfully commissioned consist

ing of a gasifier wfth a capacity equivalent to

about 500 megawatts (MW). Some 300 MW

equivalent is taken as hydrogen for a new hy
drocracker and for desulfurization. A portion of

the clean gas is used as refinery fuel which vir

tually eliminates S02 emissions while the bal

ance is used for power generation with some

100 to 120 MW being exported to the grid.

As a result of recent confirmation of the EU

quality specifications for diesel and gasoline

required by 2000 and 2005, several other proj
ects are being studied across Europe with a

major plant out for tender in Spain, a new joint

venture between Electricity de France (EDF),

Total and Texaco in France announced at their

Gonfraville refinery in Normandy and many

strong rumors in other countries for similar re

finery investment.

Waste Streams

The handling of bulk waste streams has posed

problems for many years. Many countries have
used landfill as the least-cost method of dis

posal but space is becoming an increasing
problem so alternative methods are being ex

amined.

Plastic is the second highest volume and will be

the biggest challengea position which prevails

in most member states.

In Germany, Schwarze Pumpe is gasifying
plastics on a large scale. Over 500,000 tons

have been processed in the past 4 years. Tex

aco has plans for a 40,000-ton per year mixed-

plastics gasifier in Rotterdam where the CO

would be routed to Exxon Chemicals to synthe

size alcohols and thus back to plasticizers. Fife

Energy has plans to refurbish the British Gas

Slagging Lurgi gasifier in Scotland to process a

mixture ofwastes and coal.

13
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Sewage Sludge

The disposal of sewage sludge is becoming a

major challenge on a global scale. The least-

cost disposal options were landfill or spreading
on land with incineration as a safer option.

However, each of those routes has associated

problems and increasing associated costs.

Similarities between dried brown coal, wood

waste/biomass and dried sewage sludge have

led Lurgi to develop a thermal gasification proc

ess for the sludge. Table 1 indicates the quality

similarities. The Lurgi Residue (LR) process

was developed for this purpose and several

plants have now been installed in Europe. One

of the most recent is in the United Kingdom for

a large water company, Northumbrian Water.

The plant has been built on Teesside to treat all

the sludge within their catchment area

primarily the City of Middlesbrough and the

many industrial complexes on the Tees estuary.

The Middlesbrough installation has been con

ceived as a combined heat and powerplant so

the fuel gas is routed to two natural gas-fired

turbines each capable of producing 5 MW of

power. In Germany, sewage sludge is being
gasified with brown coal at Schwarze Pumpe

and a new methanol plant has been started up

to cover the syngas from these streams.

Zero C02 Emission PowerGeneration

Norsk Hydro has developed a project which will

utilize a combined-cycle gas turbine system with

technology to convert the natural gas feed to

hydrogen. The gas turbine will operate on hy
drogen diluted with nitrogen to produce a

COrfree exhaust gas. The hydrogen will be

gasified/reformed. The CO produced in the first

stage of gasification is converted to more hy
drogen using the shift reaction. The CO2 is then

sequestered using the usual gasifier gas clean

up system. The C02 is then returned to the off

shore gas wells where it will displace an

equivalent quantity of natural gas thereby in

creasing the yield ofthe gas field.

Gasification of Biomass

The whole question of sustainability has led to

much research and development of renewable

energy particularly featuring wood and other

biomass. Demonstration projects have started

in Europe and the United States using wood.

TABLE 1

COMPARISON OF LOW-ENERGY FUELS

Dried Dried Brown Coal Wood Waste

TvDical Data Sewaae Sludae (Rheiniscm or Biomass

C 57.0 67.3 54.7 wt.% daf

H 8.0 5.0 6.0 wt.% daf

O 30.2 26.3 38.9 wt.% daf

N 4.2 0.5 0.3 wt.% daf

S 0.6 0.9 0.1 wt.% daf

Total 100.0 100.0 100.0 wt.% daf

Volatile Matter 87.0 55.0 >85 wt.% daf

Ash 18.6 5.6 1.5 wt.% wet

Moisture 7.0 17.1 19.1 wt.% daf

NetCV 17.6 19.3 15.4 MJ/kg
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The ARBRE project in Yorkshire is an 8-MW

gasification combined-cycle plant operating on

willow. In Italy, there is a 12-MW project using
a Lurgi Circulating Fluidized-Bed gasifier to

generate power from wood. Another large proj
ect is the 15-MW unit in Burlington, Vermont,

using fluidized-bed technology and high tem

perature pyrolysis. An intermediate char is pro

duced which is then gasified to a better quality
gas than is normally produced by air-blown

systems.

The key to the use of biomass is economics. In

addition, some question whether it can be con

sidered to be totally CO2 neutral when there is

such a relative high energy input into the har

vesting and transport of a low energy density
material.

The other aspect of cost is that of the actual

cost of power from biomass versus that of the

more conventional alternatives. Recent UK

studies of renewable power generation suggest

that little can be produced without a doubling or

tripling ofthe electricity price.

Conclusions

White closes with the note that gasification has

been widely used for the past 40 years in the

chemicals industry. To date, it has been con

sidered too costly to process for other applica

tions such as power generation. However, envi

ronmental legislation is beginning to make the

process attractive as a method of converting the

dirtier hydrocarbons and hydrocarbon bearing
waste streams into a clean gaseous fuel and a

building block to other useful products.

STEAM GASIFICATION PROVIDES A ROUTE

FOR UPGRADING BIOMASS CHARS AND

UGNIN

It is well known that biomass can be converted

to a liquid product (usually called bio-oil or

biofuel) using fast pyrolysis. A certain amount

of char (approximately 15 percent) is produced

which needs to be disposed of (either by burning

or some other method). Furthermore, labora

tory studies on upgrading this bio-oil using a

zeolite (such as HZSM-5) have shown that in

addition to hydrocarbon content in the liquid

product, an additional amount of char

(approximately 10 to 20 weight percent) also is

produced.

Also, lignin is a byproduct of little or no com

mercial value in the pulp and paper industry. In

the dominant pulping process, namely Kraft

pulping, it is used primarily as a low-grade fuel

in the recovery boiler.

N. Bakhshi, of the University of Saskatchewan,

et al. discussed how chars and lignins that are

essentially waste materials can be converted to

useful and value-added products using steam

gasification and catalytic upgrading techniques

at the
217th

American Chemical Society Na

tional Meeting held in Anaheim, California, in

March.

Two chars were gasified with steam. Char A

was obtained during the bio-oil production from

biomass and was supplied by ENSYN Tech

nologies Inc. of Ottawa, Canada. Char B was

obtained during the catalytic upgrading of bio-oil

using HZSM-5 catalyst. Lignin (Kraft-1) was

obtained from mostly spruce wood at Irving Pulp
and Paper Company, New Brunswick, Canada.

Steam Gasification of Chars and Lignin

Steam gasification of chars was carried out at

three temperatures (600, 700 and 800C) and

four steam feed rates (5, 10, 15 and 20 grams

of steam per hour per gram of char). It was

found that the best char conversions were ob

tained at a temperature of 800C and steam

feed rate of 10 grams per hour (g/h) per gram of

char.

Table 1 shows the char and lignin conversion,

total gas produced and product gas composition

at the optimum conditions of steam feed rate at

1 0 g/h per g char and a temperature of 800C.

The results show that catalytic char (Char B) is
more reactive, i.e., has a higher conversion than
commercial char (CharA). Also, its heating
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TABLE 1

PRODUCTS OBTAINED AND CONVERSIONS FOR THE

STEAM GASIFICATION OF CHARS AND LIGNIN

Conversion, wt.%

Total Gas Produced, L

Total Gas Produced, SCF

Gas Heating Value, BTU/SCF

Component

Basis: 100 g of Char of Lignin

CharB Char A Kraft - 1 Lignin

84.2 65.2 94.0

97 124 180

3.43 4.38 6.36

788 566 550

Gas Composition. mol%

H2

CO

co2

CH4

Cz

C3

C4+

Total

11.6 33.6

14.4 11.4

14.9 13.4

46.2 41.1

8.0 0.3

3.4 0.2

1.5 0

100.0 100.0

36.9

17.1

9.5

35.5

0.9

0.1

0

100.0

value is higher, 788 BTU per standard cubic foot

versus 566 BTU per standard cubic foot (for

CharA). The product gas has a high concen

tration of methane for Char B (46.2 weight per

cent versus 41.1 mol percent).

On the other hand, CharA (commercial char)

produces a higher volume of gas (124 liters per

100 grams char) than CharB which produced

only 97 liters of gas per 100 grams char. Fur

thermore, the product gas was rich in hydrogen

(33.6 mol percent for Char A versus 11.6 mol

percent for Char B).

Kraft-1 lignin was the most reactive of all the

three materials (94 weight percent) and also,

resulted in the highest amount of product gas

(180 liters per 100 grams lignin). It also pro

duced the highest amount of hydrogen

(36.9 mol percent) amongst the three materials

studied. However, the product gas heating
value was the lowest (550 BTU per standard

cubic foot) ofthe three.

Catalytic Conversion ofAicell Lignin Over

HZSM-Catalyst

Aicell lignin, obtained from an organosolv proc

ess used to solubilize the lignin completely in

acetone, was used as the feed for lignin conver

sion.

The lignin conversion to gaseous and liquid

products greatly depends on the operating con

ditions and ranged from 50 to 85 weight percent.

The maximum conversion of 85 weight percent

was obtained at 600C and a WHSV of 2.5 h"1.

Also, with increasing reaction temperature, in-
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creasing amounts of gas are produced with de

creasing yields of liquid and solid residue

(carbonaceous deposits left on the catalyst).

The dramatic rise in total gas yield from 500 to

650C for a WHSV of 5
h"1

is indicative of the

extensive cleavage of the major bonds in lignin
(-C-O-C- and -C-C-) via demethoxylation, de-

methylation, deoxygenation and pyrolytic reac

tions with increasing temperature. The maxi

mum amount of liquid product (43 weight per

cent) was obtained at 550C and a WHSV of

5
h"

. The liquid product decreased dramatically
to 1 1 weight percent when the temperature was

increased to 650C at a WHSV of 5
h"1

due to

more gas formation.

The char was the solid carbonaceous material

which formed primarily above the catalyst bed.

The formation of this material was exclusively
the result of the thermal sensitivity of the lignin

used, because cracking of the acetone solvent

alone at these conditions only produced a gas.

IGT-DEVELOPED SEPARATOR PLATE

MAKES RESIDENCE-SIZE PEM FUEL CELLS

PRACTICAL

The Institute of Gas Technology (IGT) is devel

oping a family of Proton Exchange Membrane

Fuel Cells (PEMFC) ranging in size from 3 to

200 kilowatts. In the smaller size range, they
are appliance sized and could provide both

electricity and thermal energy for domestic us

age. In addition to developing the PEMFC, IGT

is applying Its background in fuel processing to

convert natural gas into a hydrogen-rich stream

with the low parts per million carbon monoxide

necessary for the PEMFC. M. Onischak et al. of

IGT described the market potential, overall

system performance, and cost projections for

stationary distributed power generation at the

1998 International Gas Research Conference

held at San Diego, California, last November.

Description of PEMFC System

IGT's 3-kilowatt PEMFC stack for residential

power generation consists of about 50 cells us

ing the patented IMHEX separator plate design

which incorporates fuel, oxidant and cooling

water flow channels that are internally mani

folded. That is, the fuel cell stack is fed by sin

gle connection lines for fuel, air and cooling

water. This simplifies the assembly of multiple

cells into stacks. An electronic inverter is used

to convert the fuel cell's DC voltage into regu

lated AC voltage.

In addition to developing the PEMFC system,

IGT has built and tested fuel processors to re

form natural gas into a hydrogen-rich fuel with

about 15 ppm carbon monoxide. A schematic

diagram of a fuel processor coupled with the

fuel cell stack is shown in Figure I. Heat and

water in the combined system is advanta

geously recovered, utilized and recycled.

PEMFC System Costs

PEMFC developments have received consider

able funding from the United States Department

of Energy (DOE) programs over the last

7 years. Vehicular applications require the

PEMFC to be small and lightweight, convert a

liquid fuel onboard to hydrogen, be responsive

to automobile load-driving cycles, startup in a

short time and cost similar to present internal

combustion engines. As a result, the cost for a

PEMFC powerplant for vehicular applications

must be about $50 per kilowatt to compete with

the internal combustion engine. Today, how

ever, the mass-produced cost for the PEMFC

stack is about $234 per kilowatt, as shown in

Figure 2. The highest cost component in the

fuel cell stack is the separator plate because the

separator plates are machined from graphite.

In a continuing effort to reduce the fuel cell

stack costs, IGT undertook to reduce the cost of

the most expensive element of the PEM stack,
the separator plate. By using low-cost materials

and high-volume manufacturing techniques, IGT
has developed a separator plate applicable to

both vehicular and stationary fuel cell systems.

Molded Separator Plates

IGT has developed a moldable, graphitic com

posite material that meets or exceeds the re-
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FIGURE 1

TYPICALPEM RESIDENTIAL FUELCELLSYSTEM
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quirements for performance and low cost. The

selling price in mass production is estimated at

$10 per kilowatt which is about 20 times less

than using machined graphite separator plates.

IGT has molded and tested the separator plates

with various formulations and types of graphite,

resins and other additives. The molded plates

are hydrophilic and can be made with controlled

porosity to transfer water for in situ water man

agement. The separator plates are also de

signed with cooling channels which eliminate

the need for external fuel cell stack cooling and

humidification sections. The separator plate

composition and molding techniques allow any

shape and design plate to be mass-produced by
modem high-volume molding techniques. The

estimated total cost for the 3- to 20-kilowatt dis

tributed power generation system (fuel cell

stack, fuel processor, power inverter, assembly,

margins, etc.) is $800 per kilowatt.

Conclusions

The potential market for stationary distrib

uted/dispersed power generation with PEMFC

systems is large. IGT is developing PEMFC

systems for vehicular and stationary applica

tions and has reduced the cost of the major-cost

component separator plates by 20 times. A

projected mass production selling cost of the

molded separator plates of $10 per kilowatt is

achievable and reduces the PEMFC stack cost

to $50 per kilowatt. IGT will supply separator

plates to various fuel cell developers and sell

fuel cell stacks and stationary power generation

systems for the residential and commercial

markets.

18

THE SYNTHETIC FUELS REPORT. APRIL 1999



 



GENERAL

FIGURE 2

PROJECTEDCOSTS FOR
PEMFC STACKS
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SOLID OXIDE FUEL CELL/TURBINE

SYSTEM COULD ACHIEVE 70 PERCENT

CONVERSION EFFICIENCY

High temperature Solid Oxide Fuel Cells

(SOFCs) offer a clean, pollution-free technology
to electrochemically generate electricity at high

efficiencies. These fuel cells provide many ad

vantages over traditional energy conversion

systems including high efficiency, reliability,

modularity, fuel adaptability and low levels of

NOx and SOx emissions. Furthermore, because

of their high temperature of operation (approx

imately 1,000C), these cells can be operated

directly on natural gas, eliminating the need for

an expensive, external reformer. These fuel

cells also produce high quality exhaust heat

which can be used for process heat or another

electric power cycle to further increase the

overall efficiency. S. Singhal of Westinghouse

Electric Corporation discussed the use of solid

oxide fuel cells for power generation at the

1998 International Gas Research Conference

held in San Diego, California, last November.

Operating Principle

An SOFC essentially consists of two porous

electrodes separated by a dense oxygen ion

conducting electrolyte (Figure 1). Oxygen sup

plied at the cathode (air electrode) reacts with

incoming electrons from the external circuit to

form oxygen ions, which migrate to the anode

(fuel electrode) through the oxygen ion con

ducting electrolyte. At the anode, oxygen ions

combine with H2 (and/or CO) in the fuel to form

H20 (and/or CO^, liberating electrons. Elec

trons flow from the anode through the external

circuit to the cathode.

Materials and Fabrication Processes for

SOFC Components

SOFCs in several different designs are being
investigated; these include planar, monolithic

and tubular geometries. The materials for cell

components in these different designs are either

the same or similar in nature. The most prog

ress to date has been achieved with the tubular

geometry fuel cell. Figure 2 illustrates the de

sign of the Westinghouse tubular geometry cell.

In this design, the cell components are depos

ited in the form of thin layers on a ceramic cath

ode (air electrode) tube. The materials for dif

ferent cell components have been selected

based on the following criteria:

Suitable electrical conducting properties

required of different cell components to

perform their intended cell functions.

Adequate chemical stability at high tem

peratures during cell operation as well as

during cell fabrication.

Minimal reactivity and interdiffusion

among different cell components.
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FIGURE 1

OPERATING PRINCIPLE OFASOUD OXIDE FUELCELL

Fuel

2CO +20-- 2C02 +
4e-

2Hj
+20- 2HJO + 46T

-^i

*

Air

SOURCE: 8INOHAL

Matching thermal expansion among dif

ferent cell components.

Cell Operation and Performance

The cell tube is closed at one end. For cell op

eration, oxidant (air or oxygen) is introduced

through a ceramic injector tube positioned inside

the cell. The oxidant is discharged near the

closed end of the cell and flows through the an

nular space formed by the cell and the coaxial

injector tube. Fuel flows on the outside of the

cell from the closed end and is electrochemi-

cally oxidized while flowing to the open end of

the cell generating electricity. At the open end

of the cell, the oxygen-depleted air exits the cell

and is combusted with the partially depleted

fuel. Typically, 50 to 90 percent of the fuel is

utilized in the electrochemical cell reaction.

Part of the depleted fuel is recirculated in the

fuel stream and the rest combusted to preheat

incoming air and/or fuel. The exhaust gas from

the fuel cell is at 600 to 900C depending on the

operating conditions.

SOFCs have shown the ability to thermally cy

cle to room temperature over 100 times without

any mechanical damage or performance loss,
says Singhal. This ability to sustain thermal

cycles is essential for any SOFC generator to be

commercially viable. In addition to the ability to

sustain a large number of thermal cycles, the

cells can be cycled with a rapid temperature

ramp rate making SOFC generators suitable for

rapid startup or restart following a power inter

ruption.

Operation at elevated pressures yields a higher

cell power at any current density due to in

creased Nemst potential and reduced cathode

polarization, and thereby permits higher stack

efficiency and greater power output.

Westinghouse is also investigating alternate

geometry higher power density SOFCs to re

duce the physical size and cost of SOFC gen

erators. Such cells retain all the advantages of

the tubular SOFCs, e.g., not requiring any high

temperature seals, yet provide higher power per
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FIGURE 2

TUBULARSOUD OXIDE FUELCELLDESIGN
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unit length and higher volumetric power density.

The stacks assembled with these alternate ge

ometry cells pack more efficiently, requiring

about 33 percent less volume for a given kilo

watt rating generator. Further development of

such alternate geometry cells is currently under

way.

SOFC PowerGeneration Systems

Since 1984, Westinghouse has designed, built

and tested successively larger size SOFC power

generation systems. Recently, two 25-kilowatt

systems, each consisting of 576 50-centimeter

active length cathode supported cells (with EVD

electrolyte, EVD fuel electrode and plasma

sprayed interconnection), were built and oper

ated. One system was operated at the Southern

California Edison Company's Highgrove Gener

ating Station in Grand Terrace, California, under

a program with the United States Department of

Defense'sAdvanced Research Projects Agency.

In addition to the SOFC generator, this system

also consisted of a logistic fuel processor, lo

cated external to the SOFC stack, enabling the

system to operate on either natural gas or on

reformate from a logistic fuel (DF-2 diesel or JP-

8 jet turbine fuel). This system was successfully

operated for 5,582 hours before the project

completion in early 1996. During this time, the

system endured five thermal cycles to room

temperature, produced up to 27 kilowatts on

each of the three fuels and showed no evidence

of performance degradation. In January 1998,
without any modifications to the SOFC genera

tor, the system was restarted on natural gas at

the National Fuel Cell Research Center at the

University of California, Irvine, where it contin

ues to operate.

The other system, built for a consortium of

Osaka Gas and Tokyo Gas, completed

13,194 hours of successful operation on desul

furized natural gas with approximately 0.1 per

cent degradation per 1,000 hours of perform

ance. During this period, the unit achieved

25 kilowatts of power output and endured

10 thermal cycles to ambient temperature.
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In December 1997 a 100-kilowatt SOFC power

generation system began operation in The

Netherlands under a program with a consortium

of Dutch and Danish utilities (EDB/ELSAM).

The system employs 1,152 state-of-the-art cells

(2.2-centimeter diameter, 150-centimeter active

length); these cells are prototypic of the cells

that are planned to be used in megawatt-class

commercial SOFC generators. The system is

currently delivering over 100 kilowatts AC to the

grid at an efficiency of 43 percent (AC/LHV).

The maximum power output of the system is

160 kilowatts net AC. This EDB/ELSAM

100-kilowatt cogeneration system is the largest

SOFC system built and operated in the world so

far. Such atmospheric SOFC cogeneration

systems with electrical generation efficiencies

(AC/LHV) in the 45 to 50 percent range are ideal
distributed generation systems.

All the systems described above have been op

erated at 1 atmosphere pressure. Elevated

pressure SOFCs in conjunction with a Gas Tur

bine (GT) have the potential to provide still

higher power generation efficiencies. The effi

ciency advantage of hybrid SOFC-GT power

systems across the capacity range of interest is

shown graphically in Figure 3. Such hybrid

systems can be configured in a number ofways

depending upon the turbine selected and the

capacity required. In the simplest recuperated

SOFC-GT configuration, efficiencies of 60 to

65 percent can be achieved. If a reheat cycle is

used with a split shaft turbine, efficiencies of

greater than 70 percent are possible.
Megawatt-

class commercial SOFC-GT power systems are

expected to be price competitive with other

power generation systems of comparable type

because of their high efficiency, high availability

and low maintenance costs. A 250-kilowatt hy
brid pressurized SOFC-GT power generation

system is presently being fabricated in a pro

gram with Southern California Edison for proof-

of-concept testing. The system will integrate a

200-kilowatt SOFC stack (1,152 cells of

2.2-centimeter diameter and 150-centimeter

active length) operating at about 3.5 atmos

pheres pressure with a 50-kilowatt microturbine

generator, and it is expected to achieve an

electrical efficiency of 60 percent (net AC/LHV).

FIGURE 3

EFFICIENCIES OFDIFFERENTPOWERGENERATION SYSTEMS
(GT GatTurbine;ATSAdvancedTurbineSystem)
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Operation of the system is expected to begin in

the first half of 1999.

REBURNINGWITH ALTERNATIVE FUELS

SUCCESSFUL IN REDUCING NOx

Rebuming is a mature NOx control technology
that has been demonstrated on several coal-

fired boilers in the United States and worldwide.

Rebuming is a three-step process, involving
combustion of majority of the fuel under normal

fuel lean conditions, followed by injection of a

rebuming fuel to establish a fuel-rich zone in

which nitrogen oxides formed in the primary
combustion zone are reduced to molecular ni

trogen, and finally injection of over-fire air to

oxidize carbon monoxide, hydrogen, and any

remaining hydrocarbons exiting the rebuming
zone. The basic rebuming process typically
provides 50 to 60 percent NOx control.

To provide higher levels of NOx control, tech

nologies are being developed based on hybrid

schemes of rebuming plus injection of a nitro

gen agent, i.e., ammonia or urea. This ap

proach is referred to as Advanced Rebuming
(AR).

To date, natural gas has been the primary fuel

of choice for both basic and AR. However, us

ing other fuels for rebuming may have signifi

cant technical and cost benefits. Previous test

work has shown that a variety of fossil fuels can

be used for rebuming, including fuel oil and pul

verized coal. P. Maly et al. of Energy and Envi

ronmental Research Corporation discussed the

use of alternative fuels in AR systems in Fuel,
Volume 78, pages 327-334, 1999.

The alternative fuels evaluated include biomass,
coal-pond fines, pulverized coal, Coal Water

Slurry (CWS), Carbonized Refuse Derived Fuel

(CRDF) and Orimulsion.

A series of different rebuming fuels was evalu

ated in a pilot-scale combustor designed to

simulate a coal-fired boiler. The fuels were

tested over a range of process conditions typical

of utility boilers. Experimental conditions were

defined following a brief survey of utility boiler

design and operational characteristics, where

key parameters such as uncontrolled NOx emis

sions, furnace temperatures, thermal quench

rates, and residence times were identified. The

impacts of process parameters and fuel proper

ties upon the performance of the rebuming

process were defined, along with implications

for full-scale boiler application.

Test Results

Basic rebuming tests were performed with each

of the test fuels. Test variables that were found

to have a direct impact on NOx reduction include

rebum heat input, rebum zone residence time

and initial NOx concentration.

While slightly dependent on the composition of

the rebum fuel, rebum zone stoichiometry is

approximately 0.99 at 10 percent rebuming and

0.88 at 20 percent rebuming. Performance

trends are generally similar whether presented

as a function of rebum heat input or rebum zone

stoichiometry. Figure 1 shows the impact of

rebum heat input on NOx reduction for the dif

ferent rebuming fuels. Each of the test fuels

proved to be effective for rebuming, giving NOx
reduction comparable to that of natural gas. At

18 to 20 percent rebum heat input under the

baseline furnace conditions, NOx reduction for

each of the test fuels was in the range of 64 to

71 percent. Fuel parameters that appear to

have a direct impact on NOx reduction include

fuel nitrogen, volatiles, fixed carbon and ash

constituents. Highest performance was ob

tained with biomass and CRDF, each of which

has high volatiles, low nitrogen content, and

high concentrations of sodium and potassium in

ash.

Similar to other NOx control technologies, per
centage NOx reduction increases with increasing
initial NOx concentration. NOx reduction drops

rapidly at initial NOx concentrations below

300 parts per million (ppm), particularly for pul-
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FIGURE 1

EFFECTOF REBURN HEAT INPUTON NOxREDUCTION
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verized coal rebuming. Performance increases

marginally at initial NOx concentrations above

400 ppm.

Based on technical and economic merits, fuels

selected for the AR tests included biomass,

CRDF, coal-pond fines and natural gas. Urea

was used as the N agent. The AR tests were

performed at a rebum heat input of 10 percent,

with N-agent injection temperatures ranging

from 1 ,200 K (co-injection with the over-fire air)

to 1,560 K. At 10 percent rebum heat input,

NOx reductions for rebuming alone were

50 percent for biomass, 50 percent for CRDF,

44 percent for coal-pond fines and 47 percent

for natural gas. The effect of AR injection tem

perature on NOx reduction for the different re

bum fuels is shown in Figure 2. Addition of urea

significantly increased NOx reduction for all four

rebum fuels. With natural gas rebuming maxi

mum NOx reduction was 81 percent at a urea

injection temperature of 1 ,200 K. With both

CRDF and coal-pond fines rebuming maximum

NOx reduction was 83 percent at a urea injection
temperature of 1,300 K. Best performance was

obtained with biomass, for which maximum NOx
reduction was 92 percent at a urea injection

temperature of 1 ,260 K.
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FIGURE 2

EFFECTOF UREA INJECTIONTEMPERATURE ON NOxREDUCTION

FORNATURALGAS
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Alkali-based promoter compounds that can en

hance AR performance via formation of radicals

in chain reactions were identified. The most

reactive of these is sodium, which can be dis

solved and injected along with the N-agent.

Tests were conducted in which sodium carbon

ate promoter was injected with urea. The con

centration of sodium in the flue gas was

equivalent to 30 ppm. Sodium-promoted AR

provided over 90 percent NOx reduction with

natural gas, biomass and CRDF. Best perform

ance was obtained with biomass, followed

closely by CRDF. With biomass, NOx was re

duced from the baseline value of 600 ppm to

below 30 ppm.

Conclusions

The experimental data presented by Maly et al.
show the potential for achieving high levels of

NOx control for each ofthe alternative rebuming
fuels evaluated. Previous success in translating
the basic rebuming process to full-scale boiler

systems lends confidence to expectations for

applying AR to boilers.

Sodium-promoted AR technology is in the same

category as selective catalytic reduction in

terms of NOx control, at a cost that is lower by
approximately a factor of 3. While rebuming
with alternative fuels may have the potential to
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cause boiler impacts, such as increased slag
ging, these impacts are generally minimized

because the rebum fuel comprises only a small

fraction of total boiler heat input. The AR tech

niques are flexible because they can be readily
applied to a variety of waste products and off-

specification fuels having low cost. Therefore,
alternative fuel AR has great economic benefits

while offering the potential for high NOx reduc

tion, and has the potential to be the technology
of choice for a wide range of new and retrofit

powerplant applications, say Maly et al.

SOURCE OF HYDROGEN ONLY ONE OF

THE FACTORS NEEDED FOR A HYDROGEN

ECONOMY

Under its Hydrogen Program, the United States

Department of Energy (DOE) conducts research
and development for the development of safe,

cost-effective hydrogen production technologies

that support and foster the transition to the Hy
drogen Economy. Although the long-term focus

is on renewable technologies, the introduction of

hydrogen into the transportation and utility sec

tors will require the availability of inexpensive

hydrogen most likely relying on fossil fuels

such as natural gas, coal and oil.

The current state of fossil-based and sustain

able hydrogen production technologies and pro

posed innovative approaches to a Hydrogen

Economy in a carbon-constrained world was

discussed by C. Gregoire Padr6 of the National

Renewable Energy Laboratory (NREL) at the
217th

American Chemical Society National

Meeting held in Anaheim, California, in March.

Near-Term Fossil-Based Hydrogen

Production Technologies

The production of hydrogen from fossil fuels,

particularly natural gas, is an integral part of the

DOE Hydrogen Program strategy to introduce

hydrogen into the transportation and utility en

ergy sectors. This strategy includes reducing

the cost of conventional and innovative hydro

gen production processes that rely on cheap

fossil feedstocks to improve the economics of

hydrogen use. Some of these projects, that rely

on improvements to existing processes, result in

reduced costs and improved emissions:

Air Products and Chemicals is investi

gating a modification to the conventional

steam methane reforming process that

includes incorporation of a C02 adsorb

ent in the reforming reaction to remove

C02 from the product stream. The cost

of hydrogen is expected to be 25 to

30 percent lower with this process, pri

marily due to reduced capital equipment

costs and reduced operating costs. In

addition, the adsorption of the C02 in the

reforming stage results in a high-purity
CO2 stream from the adsorbent regen

eration step.

The Massachusetts Institute of Technol

ogy is examining the potential of a

plasma reforming process to perform the

reforming of hydrocarbon fuel and
water-

gas shift in a single reactor.

In a project cosponsored by the Hydro

gen Program and the Office of Fossil

Energy, Air Products and Chemicals is

developing a ceramic membrane reactor
for the simultaneous separation of oxy

gen from air and the partial oxidation of

methane.

Mid-Term Renewable Hydrogen Production

Technologies

Thermal processing of biomass is similar to the

processing of fossil fuels, with a number of the

down-stream unit operations being essentially
the same for both feedstocks. Using agricultural
residues and wastes, or biomass specifically
grown for energy uses, hydrogen can be pro

duced using a variety of processes, including
pyrolysis and gasification. These systems offer

the opportunity to produce hydrogen from re

newable resources in the mid-term (5 to

10 years).
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Biomass pyrolysis produces a liquid product

(bio-oil) that, like petroleum, contains a wide

spectrum of components that can be separated

into valuable chemicals and fuels. Bio-oil con

tains a significant number of highly reactive

oxygenated components that can be trans

formed into a variety of products, including hy
drogen. At NREL and the Jet Propulsion Labo

ratory, research and modeling are under way to

develop processing technologies that take ad

vantage of the wide spectrum of components in

the bio-oil, and address reactivity and reactor

design issues. Evaluation of coproduct strate

gies indicates that high value chemicals, such

as phenolic resins, can be economically pro

duced in conjunction with hydrogen.

One of the significant differences between solid

fossil fuels (coal) and biomass is the moisture

content (and affinity to moisture). Biomass is

typically 50 weight percent moisture (as re

ceived), requiring drying of the feed to about

15 weight percent moisture for efficient and

sustained operation in typical pyrolysis and

gasification operations. However, in a super

critical water gasification process under devel

opment at the Hawaii Natural Energy Institute

(HNEI) at the University of Hawaii, feed drying
is not required, thus providing an opportunity to

reduce equipment and operating costs. HNEI,

Combustion Systems Inc. and General Atomics

are investigating appropriate slurry composi

tions, reactor configurations, and operating pa

rameters for supercritical water gasification of

wet biomass.

Long-Term Renewable Hydrogen Production

Technologies

The use of solar energy to split water into oxy

gen and hydrogen is an attractive means to di

rectly convert solar energy to chemical energy.

Biological, chemical and electrochemical sys

tems are being investigated within DOE as long-

term (more than 10 years), high-risk, high-payoff

technologies for the sustainable production of

hydrogen.

Biological Systems - Oak Ridge National

Laboratory, the University of California Ber

keley and NREL are developing various reactor

designs for photobiological hydrogen production

processes (single-stage versus two-stage, single

organism versus dual organism). At HNEI, a

new, potentially low-cost, outdoor tubular
photo-

bioreactor is under development to test a sus

tainable system for the production of hydrogen.

In addition to the photosynthetic production of

hydrogen from water, the Program supports the

development of systems to convert CO (found

in synthesis gas) to hydrogen via the water-gas

shift reaction. In this project, micro-organisms

isolated from nature are used to reduce the

level of CO to below detectable levels (0.1 parts

per million) at temperatures of around 25 to

50C in a single reactor. This process, under

development at NREL, has significant potential

to improve the economics of hydrogen produc

tion when combined with the thermal processing

of biomass or other carbon-containing feeds.

Photochemical Systems - Among the tech

nologies that have been investigated photo-

catalytic water splitting systems using relatively

inexpensive, durable and nontoxic semicon

ductor photocatalysts show promise. Modifica

tions to the system are required to address is

sues such as the narrow range of solar wave

lengths absorbed by the Ti02 catalyst, the

efficiency of subsequent catalytic steps for for

mation of hydrogen and oxygen, and the need

for high surface areas.

The Florida Solar Energy Center, in conjunction

with the University of Geneva, is investigating
tandem/dual bed photosystems using

sol/gel-

deposited WO3 films as the oxygen-evolving

photocatalyst, rather than 7102.

Photoelectrochemical Systems - Multijunction

cell technology developed by the Photovoltaic

(PV) industry is being used for PhotoElectro-

Chemical (PEC) light harvesting systems that

generate sufficient voltage to splitwater and are

stable in a water/electrolyte environment. To

date, a PV/PEC water splitting system with a

solar-to-hydrogen efficiency of 12.4 percent

(Lower Heating Value, LHV) using concentrated

light, has operated for over 20 hours at 1 1 suns.

HNEI is pursuing a low-cost amorphous silicon-

based tandem cell design with appropriate sta-
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bility and performance, and is developing pro

tective coatings and effective catalysts. An out

door test of the a-Si cells resulted in a solar-to-

hydrogen efficiency of 7.8 percent LHV under

natural sunlight.

The Role ofHydrogen in a

Carbon-ConstrainedWorld

Decarbonization of fossil fuels is proposed as a

"quick
fix"

to increased energy consumption in a

carbon-constrained world. Removal of carbon

from fossil fuels prior to use in energy produc

tion is likely to be far less costly than attempting
to remove C02 from dispersed sources. If fossil

fuels are converted to hydrogen in a central fa

cility, the collection of C02 (or elemental car

bon, depending on the process) is relatively
simple compared to collecting C02 from every

fossil-fuel-consuming vehicle on the road, says

Gregoire Padr6.

Technical barriers exist. For steam methane

reforming (the predominant hydrogen production

technology in use today), collection of C02 from

the hydrogen purification step will require proc

ess and operation changes that could impact

overall energy efficiency and therefore cost.

C02 disposal or sequestration, in a manner that

keeps the greenhouse gas out of the atmos

phere for a significant period of time (perhaps

100+ years), is the subject of numerous re

search projects throughout the world. Environ

mental effects of deep ocean disposal on ma

rine life and water quality (pH in particular) have

yet to be determined. Security of aquifer dis

posal is also uncertain. In addition, the use of

hydrogen as a transportation fuel would require

development of efficient delivery, dispensing
and onboard storage processes. Use of hydro

gen in power production will require continued

improvements in fuel cells and gas turbines.

BNL DEVELOPS ATOM-ECONOMICAL

PROCESS FOR METHANOL FROM BIOMASS

Though still controversial, global warming from

increasing trace gases in the atmosphere is

widely accepted. Due to its origin, biomass by

definition is considered essentially C02 neutral

in the growth/usage cycle. It is, thus, of interest

to develop efficient processes that utilize bio

mass feedstock to produce fuels and chemicals.

Traditionally, ethanol production via biomass

fermentation is recognized as an acceptable

route but less attention has been paid to metha

nol.

At Brookhaven National Laboratory (BNL), a

Liquid Phase Low Temperature (LPLT) concept

is under development to improve the economics

by maximizing the conversion of energy carrier

atoms (C,H) into energy liquids (fuel). So far,

the LPLT concept has been successfully applied

to obtain highly efficient methanol synthesis.

This process was summarized by D. Mahajan

and J. Wegrzyn of BNL at the
217th

American

Chemical Society National Meeting held in Ana

heim, California, in March.

Three novel technologies are under develop
ment at BNL that could be adapted to biomass

feedstock. Targeted is production of methanol

and H2 fuels with relevance to methanol fuel

cells.

Low Temperature Catalytic Methanol

Synthesis

At BNL the LPLT concept has been developed

to achieve the goal of retaining atom-economy

by developing technologies that allow process

ing and transport of available natural gas with

minimum energy input. A successful application

of this concept to methanol synthesis utilized a

designed alkoxide base-activated nickel cata

lyst. This catalyst system operated in homoge

neous liquid phase and allows high synthesis

gas conversion (>90 percent) per pass at high

reaction rates (without optimization up to

9gram-mol MeOH per gram-mol catalyst per

hour) under thermodynamically allowed low

temperature (<150C) and low pressure

(<5 MPa). These features simplify the overall

methanol synthesis process by eliminating the

need for and cost of the air to 02 separation,
and by eliminating the syngas recycle require

ment.
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With a target of 40 percent cost reduction over

the conventional process for methanol synthe

sis, a second-generation methanol synthesis

catalyst is being formulated and evaluated at

BNL. A successful development of this atom-

economical process would provide an economi

cal edge over well advanced concepts of lique

fied natural gas and Fischer-Tropsch liquids.

Several catalytic systems have been evaluated

for methanol decomposition but high tempera

tures and side reactions present problems. By

utilizing the LPLT concept, catalysts are being
formulated at BNL that operate at a temperature

of <150C. At low temperatures, selectivity to

desired products is enhanced.

Low Temperature Water-Gas-Shift (WGS)
Catalysis

The emphasis of the present research is on de

velopment of WGS catalysts that effectively

operate at low temperatures of <150C. Com

mercially, several heterogeneous metals and a

homogeneous metal complex have been em

ployed as catalysts.

The data show that the equilibrium reaction can

be driven essentially to the right with the low

temperature catalysts developed at BNL.

Methanol Fuel Cell Application

Several technological hurdles remain to gener

ate pure H2 feed from methanol feedstock.

Work, ongoing at BNL, envisions an integrated

system that operates at low temperatures. The

system consists of two steps: 1) catalyzed

methanol decomposition at temperature <150C

to produce 1 mol CO and 2 mol H2 followed by;

2) fast and complete CO conversion to C02 with

concomitant production of 1 mol H2. Thus the

BNL integrated system produces 3 mol H2 per

mol methanol at temperature <150C compared

to other schemes for methanol fuel cell systems

that are under development.

Conclusions

The LPLT concept yields a low energy input

pathway for catalytic conversion of syngas to

methanol. A low temperature catalytic decom

position produces 2 mol H2 and 1 mol CO. The

produced CO is effectively converted to C02

and H2. This scheme produces essentially a

pure stream of 3 mol H2 per mol methanol. If

further purification (removal of any residual CO)

of H2 is required, methanol can be catalytically

reacted with CO to produce methyl formate.

Thus, methanol and H2 are recognized as po

tential fuels from biomass. For application to

fuel cells, H2 can be further purified with copro

duction of methyl formate, a specialty chemical.

The overall emphasis at BNL is to develop

technologies that are atom-economical thus re

taining maximum energy of the original feed

stock molecule into fuel or chemical product.

RENEWABLE FEEDSTOCKS SEEN AS

SOURCE FOR THE PRODUCTION OF

CHEMICALS

According to J. Bozell of the National Renew

able Energy Laboratory (NREL) many similari

ties exist between biomass and crude oil when

compared as chemical feedstocks. Both begin

as complex multicomponent mixtures. Both

must be fractionated into more easily managed

building blocks before conversion to products.

Both require methodology for the transformation

of these building blocks into useful derivatives.

In a paper presented at the American Chemical

Society Meeting held in Anaheim, California, in

March Bozell states that the rationale for using

biomass as a chemical feedstock is illustrated

by several important advantages as compared
to petrochemicals:

A huge array of diverse materials is

available for biomass giving the user

many new structural features to exploit.

Many products of the chemical industry
are oxygenated. There are few general

ways to add oxygen to crude oil-derived

hydrocarbons, and many of them require

the use of toxic reagents resulting in se-
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vere waste disposal problems.

is already highly oxygenated.
Biomass

Increased use of biomass would extend

the lifetime of diminishing crude oil sup
plies.

A chemicals industry incorporating a sig
nificant percentage of renewable materi

als is secure because the feedstock sup

plies are domestic.

Biomass is a more flexible feedstock

than is crude oil. Crude oil is formed and

its composition set by geological forces.
With the advent of genetic engineering,

the tailoring of certain plants to produce

high levels of specific chemicals is pos

sible.

Biomass versus Petrochemical Refining

Conversion technology for biomass lags signifi

cantly behind that for petrochemicals. The

number of products from the petrochemical in

dustry is much greater and the variety of possi

ble routes to a given product is more diverse

than for biomass. To illustrate the effect of

conversion technology differences, consider

how biomass usually fits in the context of petro

chemical refining (Figure 1).

The top half of Figure 1 is an abbreviated

schematic of the petrochemical industry. Re

fining proceeds from naturally occurring, but

non-renewable resources such as coal, oil or

natural gas, through the simplest building blocks

that can be extracted, to primary chemicals, and

finally, to the many products and intermediates

made by the chemical industry. Conversion

processes for the petrochemical refinery are

nicely self-contained, and move smoothly in a

"horizontal"

sense (as Figure 1 is drawn) from

raw materials to products.

A similar diagram can be prepared starting from

renewable feedstocks (bottom half of Figure 1).

The flow of materials is exactly analogous to a

FIGURE 1
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petrochemical refinery. The indigenous re

sources are lignocellulosics, grains, sugar crops,
oil crops, etc., from which one again extracts

smaller building blocks, and converts them into

a slate of intermediates and products. However,
the biomass refinery has fewer

"horizontal"

processes available to it for the selective con

version of biomass to chemicals. Typically, re

newable raw materials proceed only a short

distance horizontally (for example, from ligno

cellulosics to cellulose), and then move in a

vertical manner to place a biomass-derived

building block into the petrochemical realm, i.e.,
components available from biomass are con

verted into hydrocarbons (e.g., glucose might be

converted to benzene or similar). The remain

ing horizontal movement to end products is then

carried out in the petrochemical refinery.

There is some sense to this approach, says

Bozell. It is direct; one simply develops tech

nology to convert renewables into building
blocks already recognized by the chemical in

dustry. The infrastructure is in place, and the

technology is well developed to make these

building blocks into products of importance.

This most common use of renewables

(structural duplication of existing petrochemical

products) is known as direct substitution. How

ever, given the current supply and cost scenar

ios for crude oil, this use for biomass is almost

always not economically favorable because of

the additional chemical manipulations necessary

to make biomass building blocks replicate ex

isting petrochemical building blocks. An alter

native approach known as indirect substitution

results in a much greater
"horizontal"

movement

through the biomass refinery. The key to this

approach is a recognition that the best opportu

nities for use of biomass result from duplication

of properties of existing petrochemicals rather

than of structures.

For several years, NREL has been studying the

new synthetic methodology necessary to make

indirect substitution practical and use the unique

structural features and physical properties in

herent in biomass-derived feedstocks.

Separation: Clean Fractionation of

Lignocellulosics

The processes outlined in Figure 1 indicate that

an efficient separation of renewable feedstocks

into their individual components is necessary.

To address this issue, NREL has developed a

new refining process for wood, known as
Clean

Fractionation. This process is carried out by

treating wood with a ternary mixture of Methyl

Isobutyl Ketone (MIBK), ethanol and water, pre

sent in proportions to maintain a single phase at

all temperatures of the separation process

(Figure 2). The process selectively separates

the wood components by dissolving the lignin

and hemicellulose. The cellulose is obtained as

a solid while the soluble component is further

fractionated by adding H2Ot resulting in a phase

separation. The lignin is found in the organic

phase and can be isolated by solvent evapora

tion. The hemicellulose is obtained as a dilute

aqueous solution.

This process offers a direct analogy to the pe

troleum refining process in that it efficiently

converts wood into its individual constituents.

Greater than 95 to 98 percent of the cellulose

present in the starting feedstock is isolated after

fractionation with little cross-contamination by
other components.

NREL has investigated the use of each of these

components for the production of chemicals.

Lignin Conversion: Preparation of Pulping
Catalysts

Anthraquinone (AQ) is a well known additive in

the pulp and paper industry. AQ improves the

performance of alkaline pulping operations while

protecting the cellulose product from degrada

tion reactions that normally occur. However,
AQ is not widely used by the pulp and paper

industry because of cost. NREL developed a

process for the synthesis of an AQ-containing
catalyst mixture, which is an excellent example

of indirect substitution. The process starts from

lignin, and through a two-step chemical process
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FIGURE 2

SCHEMATICOFTHE CLEAN FRACTIONATION PROCESS
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hemicellulose

yields a mixture of quinones, including di-

methylanthraquinone. This new catalyst mixture

has been demonstrated to promote pulping at

least as effectively as AQ itself.

Other Processes

NREL has also developed a process for cellu

lose conversion to levulinic acid as a platform

chemical.

Platform chemicals are materials that currently

may have only a small market, but could be ex

panded to a large market if other chemicals

could be produced from the platform.

Another NREL process addresses hemicellulose

conversion: isolation of xylose and arabinose

from com fiber for polyols production. Com fi

ber is an exceedingly abundant (annual produc

tion of 10 billion pounds) and inexpensive re

newable feedstock available as a byproduct of

the com wet milling industry. The most abun

dant component is hemicellulose, which makes

up about 60 percent of the weight of the com

fiber. Xylose and arabinose make up about 60

to 70 percent of the weight of the hemicellulose.

The key to the use of com fiber as a source of

xylose and arabinose is the ability to cleanly

separate those materials from the remaining

components in the fiber.

NREL has developed a separation for com fiber

that gives a stream enriched with xylose and

arabinose. While this fraction is probably not

yet of sufficient purity for use in chemicals pro

duction, the process has significantly reduced

the number of components in the original com

fiber. The process achieves an isolation of C5
sugars in 30 to 35 percent yield as a dilute

aqueous solution. The first product targets in

tended for manufacture from these sugars have

also been identified. New catalytic transforma

tions being carried out in partnership with Michi

gan State University indicates that these sugars

can be selectively transformed into C2 and C3

fragments (i.e., ethylene glycol and propylene

glycol).

Conclusions

These transformations of lignin, cellulose and

hemicellulose demonstrate how renewables can

be used as starting templates for chemical syn

thesis. In considering ways to increase the use

of renewables for production of chemicals, new

techniques in organic synthesis, environmentally

friendly processing and catalysis, will be of great
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importance. Combining the use of renewable

materials as sources of chemical feedstocks

with new technology will lead to processes as

efficient as those currently used for the conver

sion of petrochemicals, says Bozell.

FLUIDIZED-BED GASIFIER TESTED ON

SUGARCANE BAGASSE

Residues, bagasse in particular, from the sugar

and alcohol industry have traditionally been

used to fuel boilers to satisfy the heat and elec

tricity demand of the processing plants with low

conversion efficiencies. These residues are

now being increasingly considered for use in

more efficient conversion systems, creating the

opportunity for power exports. An economically
viable alternative to direct combustion of ba

gasse is the use of BIG/GT-CC (Biomass Inte

grated Gasifier/Gas Turbine-Combined Cycle)
technology. E. G6mez, of the State University
of Campinas (UNICAMP), Sao Paulo, Bra

zil, et al. discussed this option in Energy Con

version & Management, Volume 40,
pages 205-214, 1999.

The BIG/GT-CC technology offers a higher

electric efficiency and a higher electricity-to-

heat ratio than direct combustion steam turbine

systems. Research indicates that the use of

gasification technology allows a kilowatt-hour

cost reduction from approximately US$0.08 with

conventional technology (Rankine cycle) to an

estimated US$0,038 utilizing second generation

BIG/GT-CC technology with more efficient gas

turbines. There is thus a potential for a com

petitive source of electricity from sugarcane ba

gasse using gasification. Trash (sugarcane

leaves and tops) could be used to complement

the bagasse as a fuel during the harvesting sea
son or replace it outside the harvesting season,

potentially improving the economic viability of

the system.

UNICAMP and TERMOQUIP Energia Altema-

tiva Ltda. constructed and evaluated a fluidized-

bed gasifier prototype for sugarcane bagasse

gasification using air. Experiments on the pro

totype were conducted between July and

August 1996 at UNICAMP.

The Fluidized-Bed Reactor Prototype

The gasification system prototype consists of a

series of modular components. The different

parts of the system are: the reactor, consisting

of the plenum, the bed zone, the free board

zone and disengaging zone where the gas exits

the gasifier, the fuel feeding system, the air dis

tribution system and the gas cleaning system (a

cyclone for removal of elutriated solid particles).

The main construction features of the reactor

are shown in Figure 1 .

The principal design parameters and associated

flow rates are shown in Table 1 (page 35). The

gasifier was designed for a thermal capacity of

280 kilowatts-thermal producing 252 cubic me

ters per hour of gas at an operating temperature

of 760C. The energy conversion efficiency was

assumed to be 60 percent for the equipment

design calculations. The estimated bagasse

consumption was 104.46 kilograms per hour.

Results

The highest encountered cold and hot efficien

cies, 29.2 and 33.4 percent, respectively, were

obtained for an air factor of 0.22. These values

were obtained for the highest tested air factor

attainable with this equipment due to restrictions

in the fuel feeding system.

The highest obtained values for the gas/fuel

ratio (1 .34 kilograms of gas per kilogram of fuel)
were obtained with an air factor of 0.22, pre

senting the highest carbon-to-gas conversion

rate.

The most important conclusions obtained from
the tests with the fluidized-bed gasifier using
bagasse pelletswere the following:

The gasifier design has proven to be vi

able, although with major difficulties en
countered in feeding the fuel.

The gasifier feeding system did not allow
tests using bagasse and cane trash. The
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FIGURE 1
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biomass low density and brittleness led to

clogging and bridging. Bagasse pellets

were then used in the tests.

INTERNATIONAL

ICELAND COULD BECOMEWORLD'S FIRST

"HYDROGEN
ECONOMY"

Iceland is seeking to do away with burning fossil

fuels altogether in a bid to become the world's

first "hydrogen
economy."

A Reykjavik consortium has signed a coopera

tion agreement with Daimler Chrysler, Norsk

Hydro and Royal Dutch Shell to establish a joint

venture to explore the potential for running the

entire Iceland economy on hydrogen. The Ice

landic Hydrogen and Fuel Cell JV will test appli

cations based on hydrogen fuel cells or hydro

gen carriers, beginning with a bus service in the

capital. Further projects, such as public and

private transport and fishing vessels, are to be

introduced during 2000-2002.

Iceland has fewer than 150,000 cars and trucks

on its roads.

Daimler Chrysler is involved because of its ex

tensive efforts to develop and commercialize

fuel-cell vehicles. The company has promised

to have fuel-cell cars on sale in 2004.

With a wealth of geothermal and hydroelectric

sources, Iceland already can power buildings

and other stationary facilitieswithout petroleum.

The project will determine, among other things,
whether those energy sources can be effectively

used to produce pure hydrogen or hydrogen-

carrying fuel to power cars, trucks, buses and

boats.

The joint-venture partners said in February that
one of the first results of the project could be

fuel-cell-powered bus service in Reykjavik, the
capital of Iceland.
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TABLE 1

PARAMETERS FOR FLUIDIZED-BED DESIGN

Air Fuel Gas Reactor Reactor Minimum

Flowrate Flowrate Flowrate Surface Diameter Bed Height

(Nm3/m (kq/h) o\lms/h) am (mm) (mm)

97.44 104.46 252 0.136 417 686

VEGETABLE OIL FUELS STUDIED FOR

TURKEY

Many consider biomass to be one of the key
renewable energy sources of the future. Oil

seeds have been one of the major biomass

sources of fuel. F. Karaosmanoglu of Istanbul

Technical University, Istanbul, Turkey, dis

cussed the status of vegetable oil fuels in Tur

key, in Energy Sources, Volume 21, pages 221-

231,1999.

Vegetable Oils as Fuel

Vegetable oils have heat contents approxi

mately 90 percent of that of diesel fuel. A major

obstacle deterring their use in the direct-

injection engine is their inherent high viscosities,

which are nearly 10 times that of diesel fuel.

Modem diesel engines have fuel-injection sys

tems that are sensitive to viscosity changes.

High viscosities lead to poor atomization of the

fuel, incomplete combustion, coking of the fuel

injectors, ring carbonization and accumulation of

fuel in the lubricating fluid.

Solution of the viscosity problem has been ap

proached in at least four modification tech

niques. As can be seen from Figure 1 ,
with the

help of the dilution, microemulsion, pyrolysis

and transesterification modification techniques,

as well as the direct use of the oils, the usage of

the alternative diesel fuel becomes feasible.

In Turkey the subject of using vegetable oils as

fuel alternatives has been investigated

since 1982.

According to Karaosmanoglu, esterification of

Turkish olive oil with different types of straight-

and branched-chain monohydric alcohols and

fusel oil was investigated in the 1980s. Some

preliminary laboratory tests concerning the suit

ability of the fuel oil monoester as a diesel fuel

substitute were performed.

The Euphorbia nicaeensis seed oil-ethanol es

terification reaction was studied in 1988. It was

indicated that the blend prepared by the

10 percent addition of the reaction product,

ether, to the commercial diesel fuel, is an alter

native diesel fuel satisfying American Society
for Testing and Materials standards. Later,
more detailed research about the use of saf-

flower seed oil as diesel fuel was realized with

the help of experiments done in Canada and

Turkey.

Safflower Seed Oil

In the early 1990s, blend fuels were prepared by
adding 10 to 90 percent by volume crude saf

flower seed oil to commercial Grade No. 2 die

sel fuel. The 20 percent blend was selected for

Compression Ignition (CI) engine tests. A total

evaluation of the results suggests that the

20 percent blend fuel could be used as a fuel
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FIGURE 1
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alternative on a short-term basis. Long-term

engine tests need to be performed to support

the promising results of this study.

Methyl ester of transesterified Yenice safflower

seed oil had significantly lower viscosity than

that of the parent oil itself. Because high vis

cosity of the oil was the major obstacle for its

use as a fuel alternative, this decrease in vis

cosity greatly reduces the concerns about its

performance in the CI engine. The fuel proper

ties of safflower seed oil methyl esterwere close

to those of No. 2 diesel fuel, and therefore, it

could be tested safely in any CI engine that is

suitable for No. 2 diesel fuel.

The results of engine tests performed with

methyl ester fuel (biodiesel) revealed engine

performance characteristics similar to the refer

ence No. 2 diesel fuel. Lower CO and HC

emissions were obtained when methyl esterwas

used, and the negligible amount of sulfur con

tent was an additional advantage of biodiesel

over diesel fuel.

Another similar study about biodiesel was real

ized with Turkish raisin seed oil. This investiga

tion was conducted on the properties of triglyc

eride oil obtained from seeds recovered from

the pot-still distillation residues ofwater-mashed

and fermented raisins of Turkish origin. It was

concluded that blend fuel properties were in ac

cordance with the standard diesel fuel proper

ties.

Frying Oil

Sunflower oil is a widely consumed vegetable oil

in Turkey and large amounts of used frying oil

are available as a waste product. Used frying
oil (sunflower oil) was tested using the trans-

esterification modification technique.

Two different blend fuels were prepared by
adding ester products to the diesel fuel in 10

and 20 percent volumetric ratios. This biofuel

had standard diesel fuel properties.

Another study on used frying oil as a diesel fuel

alternative was carried out at the Technical Uni

versity of Istanbul. This time the used sunflower

oil was investigated with the dilution technique.

Used sunflower oil was blended with No. 2 die

sel fuel at a ratio of 20/80 (v/v). Blend fuel was

investigated in a diesel engine with a precom-

bustion chamber at speeds between 1 ,200 and

2,100 revolutions per minute. It was found that

for short-term use the blend fuel had similar en

gine characteristics with the baseline diesel fuel

and displayed less smoke emissions than diesel

fuel.
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Comparison of Different Types ofVegetable

Oils

ENVIRONMENT

Four different refined vegetable oils, which

originate in Turkey (sunflower, olive, soybean

and com oil) were examined. Blend fuels were

prepared by diluting 20 volume parts of vegeta
ble oils with 80 volume parts of No. 2 diesel

fuel. A total evaluation of the paper results

suggest that the blend fuels can be used as a

diesel fuel alternative on a short-term basis. A

decrease in soot, CO, CO2 and HC emissions

and an increase in NOx emissions were ob

served for blend fuels compared to diesel fuel.

Rapeseed Oil

The author's research group started to investi

gate rapeseed oil as an alternative diesel fuel in

1992. In this study, the evaluation possibility of

crude rapeseed oil (obtained from the Thrace

region of Turkey) as biodiesel was investigated.

Biodiesel was produced through the rapeseed

oil-methanol transesterification reaction. The

ester yield of the reaction was 96.26 percent.

From the product mixture the methyl ester

(biodiesel) was obtained with a purity of

99.01 percent. It was found that the biodiesel

properties were close to those of No. 2 diesel

fuel.

Conclusion

Karaosmanoglu concludes that Turkey's efforts

for a more secure energy supply are on the in

crease. An important subject is the rational

evaluation of alternative energy resources.

When the demand-supply balance, social-

economic structures, agricultural potential and

the plant types of Turkey are taken into account,

the biomass resources are among the key alter

native energy resources. Among the biomass

energy resources, the oil seed plants become

more important than the other sources because

of the climate of Turkey, which permits these

types of plant to grow easily.

OPTIONS FOR CARBON DIOXIDE CAPTURE

AND MANAGEMENT NEARING FEASIBILITY

Capture and storage of CO2 is increasingly be

ing viewed as a viable option to achieve long-

term stabilization of carbon dioxide concentra

tions. For example, projects that offer eco

nomic benefit, such as using captured C02 for

Enhanced Oil Recovery (EOR) or enhanced

coalbed methane recovery, are being actively

pursued. In Norway, advanced membrane ab

sorption techniques for capture of CO2 from off

shore gas turbines are being developed. Finan

cial benefit is being achieved by circumventing

the country's high carbon taxes. C. Hanisch

reviewed some of the options for C02 capture

and management in Environmental Science &

Technology, February 1, 1999, pages 66A-70A.

Norsk Hydro Project

The most prominent new development project in

power generation technology is under way in

Norway. Norsk Hydro is planning a 1

awatt (MW) installed capacity hydrogen power-

plant. Almost 3 times the power-generating ca

pacity of a standard European powerplant, it will

produce 10 percent of Norway's electricity. The

facility will be built at KarmBy, on the country's

West Coast.

The Norsk Hydro project will produce hydrogen

from natural gas in a reforming process. CO2 is

produced as a waste product. It will be sepa

rated using a conventional chemical absorption

process and then pumped into the offshore

Grane oil field for use in EOR operations. Over

a period of 15 years, 4 to 5 million metric tons of

C02 will be injected at the disposal site. The

remaining hydrogen-rich gas stream will serve

as a fuel in a combined-cycle powerplant, pro

ducing electricity without emission of any CO2.

The main emission of the power station will be

water vapor.
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The economics of the hydrogen plant are still

unclear, says Hanisch. The sale of C02 for

EOR will provide some commercial benefit, and

the electricity generated by the new Norsk Hy
dro powerplant might partly replace demand for

power from offshore gas turbines, thereby

avoiding carbon taxes and contributing to a low

ering of C02 emissions. However, despite these

benefits, some researchers do not believe that

the company will realize a profit from the use of

the process.

Norsk Hydro is currently working out the techni

cal details of the project. They must file an ap
plication with government authorities who must

then decide whether to approve the project.

Once the project is approved, commercial ne

gotiations can begin. The owners (Norsk Hydro,
Exxon and Statoil) ofthe Grane oil field must be

convinced to purchase the C02, and the pur

chase of natural gas, as well as the sale of

electricity, must be negotiated. The final deci

sion on the construction of the plant is expected

to be made in April. The hydrogen power sta

tion could start production in 2002 or 2003.

C02Management Incentives

There are practical reasons for wanting to cap

ture CO?--Norway will be the first to use C02
from a powerplant for EOR. C02 obtained from

a coal gasification plant in the United States will

be used for the same purpose. In most cases,

however, C02 from natural sources is used,

such as C02 from natural gas processing. In

the United States, C02 is commonly used for

EOR. About 60 million cubic meters per day of

pure C02 are being injected at 67 commercial

EOR projects, mostly in West Texas

50 percent stays in the reservoir and the re

maining 50 percent comes up with the oil during
recovery. This gas is collected, compressed

and re-injected. In this way, the majority of the

greenhouse gas remains permanently stored

underground.

Besides EOR, another commercially interesting
use of captured C02 is emerging: injection into

deep coal seams to enhance methane recovery.

Initial results from the world's first pilot project

show this new technology to be technically and

economically feasible. Since 1996 Burlington

Resources has sequestered over 57 million cu

bic meters of C02 in coal seams at its Allison

Unit production pilot, located in the Northern

San Juan Basin in NewMexico. The C02 gas is

absorbed on the coal surface, thereby replacing

and freeing methane. Two molecules of C02

are trapped for every molecule of methane re

leased.

Although naturally occurring C02 is currently

used in the pilot project, researchers believe the

process might be used in future commercial ap

plications for zero-greenhouse-gas-emission

powerplants.

Membrane Technology Options

Currently, C02 capture and sequestration appli

cations are limited to special projects that offer

commercial benefits, because capture is an en

ergy-intensive procedure that requires large

and expensiveequipment. New membrane

technologies, however, might allow further ap

plications of C02 capture technology. Kvaemer,
a Norwegian company, has developed a novel

membrane absorption process that is small and

compact, designed for use on offshore gas tur

bines. These facilities are categorically a major

emitter of C02 in Norway and pay high carbon

taxes.

In the new process, the exhaust gas flows

through small Teflon membrane fibers, which

are surrounded by the absorption liquid. C02
passes through the membrane and is carried

away by the liquid. The huge membrane sur

face area results in a highly efficient absorption

process, thereby reducing the size of the

equipment that is used by 78 percent and the

weight by 66 percent. Kvaemer is planning to

build the first commercial capture unit in 2000 or

2001.

The Dutch TNO Institute of Environmental

Studies in Apeldoom, The Netherlands, is de

veloping a similar membrane gas absorber that

can be used for C02 capture in cogeneration

plants.
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In contrast to Kvaemer, TNO uses commercially
available polypropylene membranes. They
cannot be used with the conventional amine

absorption liquid, so Dutch engineers had to

develop a new type of liquid to absorb the gas.

The principle of the process, however, is similar
to Kvaemer's. In 4 or 5 years, a full-scale plant

is expected to be constructed.

Ocean and Aquifer Storage

Even as new capture and sequestration options

are being developed, the world's first aquifer

storage project is well under way in the Norwe

gian North Sea. Project researchers are study

ing where and how the C02 bubble moves in

order to validate computer simulation models.

Investigators are using seismic and gravimetric

measurements to collect data needed to put the

models on a firm basis. At the end of this

3-year, European Community-supported project,

theywant to put together a best-practice manual
for future CQ2 injection projects.

Meanwhile, ocean storage, a less mature stor

age option, is being explored further. In De

cember 1997, Japan, Norway and the United

States signed a project agreement for collabo

ration on a pilot-scale field experiment for the

Climate Technology Initiative of the Framework

Convention on Climate Change. Since then

Canada and ABB, a Swiss company based in

Zurich, have joined the project. The experiment

will take place off the Kona Coast of Hawaii in

the summer of 2000. A pipeline will be laid on

the sea floor, and liquid buoyant C02 droplets

will be released at a depth of 1,000 meters. Up
to 1 kilogram per second of C02 will be injected

into the ocean, an amount that is roughly

equivalent to 1 percent of the C02 exhaust from

a 500-megawatt coal-fired powerplant. The be

havior of the injected C02 plume will be moni

tored with the help of instruments mounted on a

remotely operated vehicle and on the sea floor.

Collected information can then be fed into com

putermodels to scale up and simulate biological

impacts.

Another research effort under way in France is

trying to address the question of how long the

injected C02 might stay isolated from the at

mosphere. The project is called GOSAC

(Global Ocean Storage of Anthropogenic Car

bon), and is funded by the European Commu

nity and the International Energy Agency
Greenhouse Gas Research and Development

Program. The GOSAC effort includes a com

parison of seven European general ocean cir

culation models to estimate the time for injected

C02 to be lost back to the atmosphere. Prelimi

nary results reveal a negative feedback, due to

indirect effects, which reduces the effectiveness

of permanent ocean sequestration.

After a 200-year simulation of a permanent se

questration scenario, the approach was esti

mated to be only 80 percent efficient compared

with a business-as-usual reference scenario with

no C02 capture.

Conclusions

Researchers agree that more studies are neces

sary to determine the effectiveness of C02 se

questration, to leam about biological impacts

and other environmental risks, and to lower

costs. Then, they say, it is up to the politicians,

the lawyers and the public to decide whether

C02 capture and storage should be applied on a
broad scale or whether alternatives are neces

sary.
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1999

April 6-8, Chicago, IllinoisAmerican Power Conference, phone 312 567 3196

April 11-15, Lahaina, Maui, HawaiiRenewable and Advanced Energy Systems for the
21st

Century,

phone 409 847 8950

April 28-30, Houston, TexasOffshore Natural Gas Conference, phone 713 952 9500

May 2-5, Calgary, Alberta, CanadaCanadian Institute of Mining Metallurgy and Petroleum Annual

Meeting, fax 514 939 2714

May 3-7, Tuscaloosa, Alabama International Coalbed Methane Symposium, fax 205 348 9276

May 11-13, Knoxville, Tennessee
13th

Annual Conference on Fossil Energy Materials,

phone 423 576 7270

May 11-13, Kuala Lumpur, MalaysiaCMAI's Asian Methanol Conference, phone 281 531 4660

May 17-19, San Antonio, TexasGas-To-Liquids Processing: Bringing Clean Fuels and Ci Chemicals to

Market, phone 207 781 9800

May 18, Pittsburgh, Pennsylvania 1999 Conference on Unbumed Carbon on Utility Fly Ash,

phone 412 892 4763

May 19-21, Pittsburgh, Pennsylvania Conference on Rebuming for NOx Control, phone 412 892 4763

May 20-21, Pittsburgh, Pennsylvania 1999 Conference on Selective Catalytic and Non-Catalytic

Reduction for NOx Control, phone 412 892 4763

May 26-29, Ankara, Turkey Prospects for Cleaner Fossil Fuel Systems in Sustainable Development:

Communicating Their Strategic Value in the Euro-Asian Region, phone 202 331 0415

June 1-3, Frankfurt, Germany Power-Gen Europe, phone (31) 30 26509 63

June 7-9, Toronto, Ontario, Canada 1999 Windsor Workshop on Transportation Fuels,
phone 905 822 41 11

June 13-16, Ypsilanti, MichiganAlternative Fuels Conference and Exposition, phone 248 355 2910,
Ext. 152

June 20-24, St. Louis, MissouriAir and Waste Management Association
92nd

Annual Meeting,
fax 412 232 3450

June 21-24, Knoxville, TennesseeSeventh Clean Coal Technology Conference, phone 202 586 7920

July 5-8, St. Petersburg, RussiaHypothesis III, Hydrogen Power (Thermal and Electrochemical)
Systems International Symposium

July 25-28, San Francisco, CaliforniaInternational Joint Power Generation Conference,
phone 800 843 2763
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September 12-17, Taiyuan, Shanxi, China
10th

International Conference on Coal Science,

fax 86 351 404 8967

September 19-21, Banff, Alberta, Canada
43rd

Canadian Conference on Coal, phone 403 262 1544

October 18-21, Gatlinburg, Tennessee
11th

Symposium on Separation Science and Technology for

Energy Applications, phone 423 574 6795

October 25-28, Toronto, Ontario, CanadaSociety ofAutomotive Engineers International Fall Fuels and

Lubricants Meeting, phone 724 776 4841

October 17-20, San Francisco, California Gasification Technologies Conference, phone 703 276 0110

November 16, Paris, FranceInternational Conference on the Future of Oil, fax 33 147 527 066

November 22-24, Singapore Power-Gen Asia, fax 713 963 6280

November 30-December 2, New Orleans, Louisiana Power-Gen International, fax 713 963 6280

December 8-10, Houston, TexasMonetizing Stranded Gas Reserves, phone 713 952 9500

2000

January 24-28, Geneva, Switzerland World Clean Energy Conference, fax 0041 1 463 0252

June 6-9, Nice, France 21
*
World Gas Conference, fax 33 1 42 27 49 43

June, Calgary, Alberta, Canada
16th

World Petroleum Congress

July 1-7, Brighton, EnglandWorld Renewable Energy Congress VI, fax 44 1 189 61 1 365
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PROJECT ACTIVITIES

STUART NEARING STARTUP, MINING

CONTRACT AWARDED

ues to anticipate startup of the plant in the sec

ond quarter of 1999 and reliable oil production

by the end of 1999.

As of December 1998, construction ofthe Stuart

demonstration plant was over 80 percent com

plete. Procurement is finished and engineering
is complete except for ongoing technical support

to the construction activity.

The Alberta Taciuk Processor (ATP) has been

assembled and its installation is progressing on

schedule. Mining and stockpiling of plant feed

has begun.

The primary mine contract has been awarded to

the Macmahon/Nghulin Joint Venture. Macma-

hon is a South Australian-based contractor that

has demonstrated an ongoing commitment to

Aboriginal employment. Nghulin means "We/Us

a friendly
gathering."

The company was formed

by local Aboriginals in the Gladstone area.

The mine contract, valued at more than

$5 million, involves removing 3.7 million tonnes

of overburden, stockpiling and feeding
1.1 million tonnes of ore to the primary

crusher and returning spent shale to the waste

dumps. A truck-and-shovel type of operation is

planned.

Greenpeace staged a demonstration at the plant

site at the end of October. The demonstration

was designed to draw attention to Greenpeace's

claims regarding greenhouse gas emissions in

advance of the international climate change

conference in Buenos Aires. Greenpeace

climbers occupied the site for about 36 hours,

taking up positions on cranes, the ATP and the

ATP stack. Construction progress was largely
unaffected and only minor costs were incurred

to ensure that site activity did not endanger the

demonstrators.

With the Stage 1 construction program on

budget and on schedule, Suncor Energy contin-

TECHNOLOGY

ESTONIAN SHALE OIL DISTILLATES PROVE

TO BE STABLE AND COMPATIBLE

A paper by L. Molder et al. in the Estonian jour

nal, Oil Shale, describes the temperature de

pendence of kinematic viscosity for Estonian

kukersite shale oil distillates.

Compared to conventional petroleum-derived

fuel oils, the Estonian kukersite shale oil distil

lates have a lower pour point, a low vanadium

content, good pumpability and a moderate sulfur

content. Therefore, say MSIder et al., shale
oil-

derived distillate fuel oils are gaining more at

tention both in Estonia and abroad.

The chemical group composition of petroleum

and shale oils is fundamentally different: pe

troleum originated oils are principally made up

of hydrocarbons, whereas kukersite shale oils

are for the most part made up of oxygenated

compounds (ketones, ethers, hydroxybenzenes

and resorcinol series phenols).

When handling and producing fuel oil blends, a

challenge arises when attempting to predict the

resulting stability and kinematic viscosity de

pendence on the temperature and blend com

position. No systematic research has been

done dealing with viscosity properties of shale

oil distillates as well as with their compatibility
between themselves or when blended with con

ventional petroleum-derived fuel oils.

Experimental Results

The temperature dependence of kinematic vis

cosity for oil shale distillates and their blends
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was studied. It was found that for the Estonian

shale oil distillates the temperature dependence

of kinematic viscosity is described with great

accuracy by a fundamental formula known for

hydrocarbon blends:

log logZ = A - B log T

where Z is a function of the kinematic viscosity,

T is the temperature, A and B are the viscosity

characterization constants, whose values vary

from one oil fraction to another. Based on their

experiments, the authors have compiled a vis

cosity matrix for shale oil distillates.

The matrix contains 33 base oils whose viscos

ity characterization constants A and B are pre

sented in a table.

By using constants A and B from the table, it is

possible to predict the viscosity of the shale oil

distillates in a wide temperature range.

Compatibility of Blends

Shale oil distillates are compatible among

themselves; blends in any ratio are stable over

a wide temperature range.

Fuel oil blends that are produced by blending
shale distillate oils and heavy petroleum origi

nated residues, as a rule, are also stable at

every ratio. In comparison, the compatibility of

heavy shale oils, both residual and distillate,

with petroleum originated gas oils is poor

(Table 1, next page).

It is important to note that methods for evalua

tion of hydrocarbon blend viscosity are not ap

plicable when shale distillate oils are blended

with petroleum-derived oils, both distillate and

residual. The same is true for blends of shale

distillate oils among themselves where the light

component viscosity at 50C is less than

10 millimeters squared per second. According to

the authors, this can be attributed to the fact

that shale oil distillates, which have such a low

viscosity, are also made up of hydrocarbons.

VACUUM PYROLYSIS OF CANADIAN OIL

SHALES PRODUCES HIGHER OIL YIELDS

In Canada, oil shale deposits ranging in age

from Ordovician to Cretaceous are known to

occur in every province and territory except

Prince Edward Island. Rich deposits with oil

yields in excess of 100 liters per tonne are lo

cated in New Brunswick (Lower Mississippian

Albert Formation, Albert County) and Nova

Scotia (Pennsylvanian Pictou Group, Pictou

County).

The potential of vacuum pyrolysis as a process

for the production of shale oil from these or

ganic-rich rocks was discussed by H. Pakdel, of

the Institut Pyrovac Inc., et al. in Fuel, Vol

ume 78, pages 365-375, 1999.

During retorting, condensed-phase free radical

cracking reactions promote the formation of

large quantities of oil products in the retorting

process at high temperatures, which also result

in a high yield of olefins. Olefins are also re

ported to be a product of slow heating reactions.

Low temperature retorting on the other hand is

accompanied by a high asphaltene content

which is related to possible interactions or re-

condensation reactions. The high olefin content

of raw pyrolysis oils gives rise to considerable

problems in the storage of these oils due to the

lack of chemical stability.

Vacuum pyrolysis produces higher yields of

condensable volatile matter with low number

average molecular mass, compared with at

mospheric pressure pyrolysis methods. The use

of vacuum facilitates removal of the condens

able products from the hot reaction chamber

thus preventing further decomposition or recon-

densation reactions.

Six oil shale samples were investigated in this

study as listed in Table 1. Samples 1 and 2

originate from the Albert Formation, New

Brunswick, for which an average shale oil yield

of 100 liters per tonne has been reported. The

other four Samples (3 through 6) are from the

Pictou Group, Stellarton Basin, Nova Scotia,
and represent various oil shale lithologies of that
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TABLE 1

STABILITY OF FUEL OIL BLENDS PRODUCED BY BLENDING

SHALE OIL DISTILLATESWITH PETROLEUM ORIGINATED OILS

(by ASTM D4740 Spot Test)

Petroelum Originated
Oil*

Shale Oil Distillate i 2 3 4

Light "diesel
oil"

fraction No. 2 No. 1 <50vol.%: No. 3-4

50-90 vol.%: No. 2-3

>90 vol.%: No. 1

No.1

Light gas oil fraction
No.1**

No. 1 <40 vol.%: No. 4

40-50 vol.%: No. 2-3

>50 vol.%: No. 1

No. 1

Heavy gas oil fraction No. 2 No. 2 <10 vol.%: No. 4

>10 vol.%: No. 1

No. 2

Commercial shale oil No. 2 No. 1 <40 vol.%: No. 4 No.1

originated fuel oil 40-50 vol.%: No. 2-3

>50 vol.%: No. 1

'Petroleum originated oils are as follows:

1 - Conventional heavy residual fuel oil M-40 (stability: No.2)
2 - Residual pyrolysis oil (stability: No.1)
3 - Conventional gas oil and diesl fuel oil (stability: No.1)
4 - Commercial PTU oil (stability No. 1-2)

**At temperatures <50C the blend is capable of settling into two layers.

deposit. The average oil yields from the Pictou

Group range from 10 liters per tonne for fissile

oil shale to 67 liters per tonne for oil shale beds

associated with coal, locally known as stellarite.

Results

Figure 1 illustrates the influence of temperature

on the pyrolytic product yields of an alginite-

bearing shale as an example (Sample 4). The

oil shale sample started to pyrolyze at about

350C. The oil was mainly produced in the

temperature range of 400 to 600C. A maxi

mum oil yield of 11.8 weight percent was

achieved around 650C. Further increase of

pyrolysis temperature mainly yielded gas due to

the decomposition of carbonates and coke. In

general, the oil production yield is dependent on

the pyrolysis operating conditions, Total Organic

Carbon (TOC) content, maturity, type of organic
matter and the shale mineral composition.

When considering the overall oil yields, Sam

ples 6 and 5 were found to have the highest

yields (17.9 and 19.0 weight percent, respec

tively), while Samples 1
, 2 and 4 had lower oil

yields due to their higher mineral matter con

tents. The pyrolysis oil yields were found to be

barely proportional to the volatile matter content
ofthe initial samples (Table 2).

The lamosite samples (Samples 1 and 2), in

which the Organic Matter (OM) is dominated by
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TABLE 1

OIL SHALE SAMPLES SUBJECTED TO VACUUM PYROLYSIS

Sample # Origin

1 Canadian Occidental, borehole, New Brunswick

2 Canadian Occidental, borehole, New Brunswick

3 Shaw P'rt, Pictou Coalfield, Nova Scotia

4 Shaw Pit, Pictou Coalfield, Nova Scotia

5 Shaw Pit, Pictou Coalfield, Nova Scotia

6 Borehole, Pictou Coalfield, Nova Scotia

Formation/

Litholoav Grouo

Lamosite Albert

Lamosite Albert

Cannel shale (torbanite) Pictou

Alginite-bearing shale Pictou

Cannel shale (torbanite) Pictou

Boghead shale (stellarite) Pictou

FIGURE 1

THERMALDECOMPOSITION OF NOVASCOTIAOIL SHALE
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TABLE 2

OIL AND MALTENE YIELDS (WT.%)

Oil
Yield*

fas-received oil shale basis) Maltene (pyrolvtic oil basis) Pyrolysis

Volatile Vacuum Fischer Soxhlet Vacuum Soxhlet Temperature

Sample # Matter Pvrolvsis Assav Extraction Pvrolvsis Extraction (C)

1 29.40 14.5 8.7 1.6 85.6 92.9 600

2 30.12 15.9 8.7 1.6 84.0 94.0 600

3 21.25 13.6 n.a. n.a. n.a. n.a. 610

4 16.43 11.3 n.a. 0.9 84.1 74.4 580

5 20.06 19.0 124 1.4 59.9 70.0 520

6 23.41 17.6 10.9 0.12 n.a. 86.4 600

*AJI samples contained less than 0.5% moisture.

lamalginite, have the highest potential (0.38 to

0.51 weight percent oil yield per 1 volume per

cent OM), followed by the stellarite sample

(Sample 6, 0.35 weight percent oil yield per

1 volume percent OM). The torbanite samples

(Samples 3 and 5), characterized by the domi

nance of coaly material (vitrinite) have the low

est yields (0.26 to 0.31 weight percent oil yield

per 1 volume percent OM).

Proximate analysis of the solid residues indi

cates, as expected, a decrease in the residual

volatile content with an increase of the pyrolysis

temperature. The inorganic content (the ash)

also decreased but the fixed carbon variation

was minimal.

The most abundant pyrolysis gases obtained at

temperatures above 500C were H2, CO, C02,

CH4 , C2H6, C3H8 and C4H10. CO2 represented

approximately 35 to 75 percent of the total

gases. The cannel shales (Samples 3 and 5)
yielded 18 and 22 weight percent of CH4. re

spectively. The lamosite samples had a rela

tively low hydrocarbon gas production efficiency

but instead led to a high yield of CO and C02

probably due to their higher mineral content.

Conclusions

Pakdel et al. conclude that vacuum pyrolysis of

oil shales produces a higher yield of oil that is

chemically similar to the overall organic matter

present in the shale, whereas common extrac

tion procedures yield a bitumen which only rep

resents a small portion of the organic matter.

STUDY OF TURKISH OIL SHALES BY

THERMAL METHODS YIELDS KINETIC

PARAMETERS

At the Seventh UNITAR International Confer

ence on Heavy Crude and Tar Sands held in

Beijing, China, last October a paper by
M. Kok et al. of Middle East Technical Univer

sity, Ankara, Turkey, described their research in

which thermal characteristics of four Turkish oil

shales (Himmetodlu, Seyittimer, Beypazari,

Hatildad) were studied by Differential Scanning
Calorimeter (DSC) and ThermoGravimetry
(TG/DTG) techniques. In DSC curves, two re

action regions were observed on oil shale sam

ples studied.
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In TG/DTG curves, two different mechanisms

causing loss of mass were observed. Through

out the analysis, itwas observed that first zone's

activation energies are generally higher than

those of second zone. This situation can be

explained in that organic compounds mostly
decompose at lower temperatures than other

mineral-type compounds.

The oil shale deposits (Figure 1) in Turkey are

widely distributed in Middle and Western Ana

tolia. The oil shales in Turkey are of Palaeo-

cene-Eocene and Middle Upper Miocene age.

The host rocks are marl and clays, in which the

organic matter is heterogeneously and finely
dispersed. Current reserves of oil shales in

Turkey are approximately 1,400 million tons

located in the four main deposits listed above.

RESOURCE

DRAFT EIS ISSUED FOR YANKEE GULCH

NAHCOLITE LEACHING PROJECT

In January the United States Bureau of Land

Management (BLM), White River Resource

Area, issued a Draft Environmental Impact

Statement (EIS) that evaluates the effects of a

commercial nahcolite solution mining operation

near Meeker, Colorado, with associated proc

essing facilities near Parachute, Colorado. The

principal products to be produced are sodium

bicarbonate (baking soda) and sodium carbon

ate (soda ash). The Yankee Gulch Sodium

Minerals Project (Yankee Gulch Project) would

occur at the Piceance Site, located in the BLM's

White River Resource Area, on the Yankee

Gulch Joint-Venture Leases. The processing
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facilities at the Parachute Site would involve

modifying and refurbishing an existing, inactive

industrial site at the Unocal Shale Oil Upgrade

Facility. The two sites would be connected by
an approximately 44-mile long pipeline corridor

that would contain a product pipeline running

from the Piceance Site to the Parachute Site

and a parallel return water pipeline (see Fig
ure 1).

This Draft EIS analyzes three alternatives for

the Yankee Gulch Project:

The Proposed Action

An Accelerated Development Alternative

The No Action Alternative

The Proposed Action involves developing a

mining program for the first 30 years of opera

tion on approximately 1 ,030 acres of the Yan

kee Gulch lease area. The initial recovery de

sign basis would be 1 .4 million tons per year of

nahcolite. Approximately 15 wells would be de

veloped each year after the initial startup period.

The Accelerated Development Alternative would

FIGURE 1
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increase production levels to 4 million tons per

year of nahcolite from the same mining panels

as the Proposed Action. Approximately 45 wells

would be developed each year after the startup

period, and the life of the project would be

shortened to approximately 10 years. The No

Action Alternative assumes the mining project

would not proceed.

Oil Shale

The Piceance Creek Basin contains rich depos

its of kerogen-bearing dolomitic maristone (oil

shale) of the Eocene Green River Formation.

The estimated total reserves of the Piceance

Creek Basin amount to approximately
1 ,200 billion barrels of shale oil. The Parachute

Creek Member contains most of the oil shale

and ranges in thickness from 900 to 1 ,200 feet

on the Southern and Western margins of the

basin to nearly 1,900 feet in the depositional

center. The Upper Garden Gulch Member also

contains some kerogen-bearing rock. The Ma

hogany Zone, which is 100 to 200 feet thick,
consists of kerogen-rich strata and is the richest

oil shale interval in the basin. These oil shale

deposits represent a potential energy resource

which could supply the United
States'

oil de

mand for many decades. The upper 40 to

60 feet of the Mahogany Zone could be suitable

for conventional room-and-pillar mining. Esti

mated in-place resources within this interval are

approximately 94,000 barrels per acre of shale

oil. Estimated in-place resources within the Sa

line Zone are approximately 1 .5 million barrels

per acre of shale oil.

Nahcolite

The Piceance Creek Basin also contains the

world's largest and most economically signifi

cant nahcolite resource. Conservative esti

mates of in-place nahcolite in the basin have

been reported at 29 billion tons. The nahcolitic

oil shale has been estimated to cover some

257 square miles of the Piceance Creek Basin.

The thickest and richest nahcolite-bearing

stratigraphic intervals are known to occur in the

depositional center of the basin in T1S and T2S,
R97W and R98W. The Piceance Site encom

passes approximately 4,954 acres overlying the

depositional center of the basin. Current drill

hole data taken from near monitoring Well 20-1

and the experimental test cavities indicate a

total saline interval almost 770 feet thick at an

average nahcolite content in excess of

26 percent by weight. This equates to 333 mil

lion tons of nahcolite per square mile for a total

Piceance Site resource estimate of some

2.44 billion tons of nahcolite.

Studies of nahcolite-rich intervals in the Saline

Zone have shown that 26 mappable horizons

are present within an 800-foot interval from

about 1 ,400 to 2,200 feet below ground surface.

Individual beds may be all nahcolite or nahcoli

tic halite or grade into halite. Beneath the

Piceance Site, there are seven nahcolite beds

greater than 6 feet thick that have in excess of

43 percent nahcolite by weight. The Love Bed

is a tan microcrystalline nahcolite interval pres

ent at 1 ,700 feet below ground level at monitor

ing Well 20-1. The Love Bed is 7.4 feet thick

here and averages 53 percent nahcolite by
weight. This horizon alone contains a total

nahcolite resource of approximately 57 million

tons. The Greeno Bed is a honeycomb dis

seminated nahcolite-rich bed located at a depth

of 2,062 feet below grade at monitoring Well 20-

1. At that location, the Greeno Bed is 5.9 feet

thick and averages 76.5 percent nahcolite by
weight. The laterally continuous Tl Bed is a lit

tle deeper than the Greeno Bed, but neither of

the Piceance Site drill holes was drilled deep
enough to intersect this unit. It is present

throughout the central Piceance Creek Basin

and in nearby Horse Draw Mine, where it is

6 feet thick and averages 65 to 70 percent

nahcolite by weight.

Environmental Consequences

The Mine Plan calls for initial recovery of

1 .4 million tons per year of nahcolite from a se

ries of solution mining wells. Mining is antici

pated to be conducted for at least 30 years.

Additional impacts to geologic resources for the

EIS focus on: (1) potential effects on future

mineability of oil shale and (2) surface topo

graphic changes, both of which are related to

the process of subsidence. Subsidence, as de-
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fined for this analysis, involves sinking or col

lapse of subsurface geologic formations caused

by the removal of material by subsurface activi

ties, in this case removal of nahcolite by the

proposed in situ leaching process. In cases

where sinking or collapse of subsurface materi

als occurs to such an extent that effects are evi

dent at the ground surface, this is called surface

subsidence. Surface subsidence has the poten

tial to cause structural as well as environmental

damage.

Agapito Associates Inc. evaluated potential ef

fects on subsurface formations and surface

topographic changes related to the proposed

mining project. Agapito conducted thermome-

chanical numerical analyses to evaluate the

stability of both single-cavity (axisymmetrical)
and multiple-cavity (plane-section) scenarios.

Rock mechanics information for these evalua

tions came from test cavity production

Well 20-3 and from subsurface rock cores from

Boreholes 20-9, 29-3 and 19-2.

Information from Agapito's two reports was used

to assess potential impacts on the mineability of

oil shale and possible impacts from surface

subsidence.

Piceance Site

Initial modeling conducted by Agapito of surface

subsidence resulting from mining of nahcolite

assumed the following:

A maximum solution mining caving di

ameter of 200 feet would be developed.

Maximum height of the solution mining

cavity would be 600 feet (cavity roof

would be approximately 150 feet below

the Dissolution Surface).

Initial solution well spacing would be

600 feet.

Final solution well spacing would be

300 feet.

Solution well field development as de

scribed in the Mine Plan.

For the single-cavity analysis, the following con

clusions were drawn by Agapito. Yield zones

were predicted both in the cavity wall and por

tions of the roof for the single-cavity analysis.

The thickness of the yield was estimated at ap

proximately 25 to 32 feet. The impact of the

yield zone on cavity stability differs for the roof

and walls. The yielded rock would exhibit en

hanced permeability and promote the dissolu

tion process in the walls, while the roofwould be

acted upon by gravity and may collapse. How

ever, insoluble residuals in the cavity should

stabilize the walls and help support overlying

strata.

For the multicavity analysis, the following con

clusions were drawn by Agapito. With 200-foot-

diameter cavities, 300-foot spacings and no

adjacent well operating at the same time, the

intact core of the pillar was predicted to be ap

proximately 40 feet. The intact 40-foot-diameter

core represents the central part of the 100-foot

pillar remaining between solution cavities that is

not subject to yield from heat and pressure ef

fects of the solution mining process. Given that

the actual diameter of the solution-mined cavity

would change along its height, the 40 feet of

intact material in the pillar is considered a mini

mum to maintain long-term stability and hydrau

lic isolation between solution cavities.

Several other multicavity scenarios were also

considered. One scenario considered oversized

cavities of 260 feet in diameter and a second

scenario modeled the effects of a zone of

structural weakness (i.e., fault zone) resulting in

weakened pillars remaining between the solu

tion cavities.

From Agapito's work, it was determined that

direct impacts from the project include surface

subsidence potentially ranging from 1 to 3 feet.

However, the most likely scenario is surface

subsidence of less than 1 foot. Secondly, the
small amount of predicted surface subsidence

would not cause visual surface cracks and the
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subsidence would not be catastrophic but would

occur over geologic time.

Additionally, it was determined that subsurface

collapse in and surrounding the solution cavities

would not likely cause caving in the Mahogany
Zone (approximately 550 feet above the roof of

the solution cavities) but could induce fracturing
in this formation.

Several methods of mining oil shale which were

earned out in the past in the Piceance Creek

Basin included:

Conventional mining with above-ground

retorting

Modified in situ retorting

(True) in situ methods

In summary, the proposed action does not ap
pear to adversely impact mineability of oil shale

in the Mahogany Zone which contains the rich

est oil shale resource in the Piceance Creek

Basin. Although current technologies are not

feasible for recovery of oil from oil shale, future

technologies could be. Because future tech

nologies are not known, potential impacts from

solution mining of nahcolite on the mineability of

oil shale, particularly in the Saline Zone, cannot

be assessed at this time.

NAVAL OIL SHALE LANDS MAY HOLD

LARGE NATURAL GAS POTENTIAL

For many years, federal agencies have debated

the fate of the Naval Oil Shale Reserves by

comparing the value of their natural resources

and recreational value against ongoing operat

ing costs. Recently, the decision was made to

commence divestiture of these properties, and

the Bureau of Land Management (BLM) was

instructed to conduct lease auctions for the oil

and gas minerals.

On March 25, 1999, the BLM office in Lake-

wood, Colorado, was scheduled to accept bids

at a lease auction for Naval Oil Shale Reserve

No. 3 property in Colorado's central Piceance

Basin. According to an article by T. Hoak et al.

in the Oil and Gas Journal, March 8, 1999, this

property is adjacent to large Grand Valley,

Parachute and Rulison gas fields, owned and

operated by Barrett Resources Corporation, that

straddle the large, basin-centered gas reservoir.

The central Piceance Basin produces gas from

multiple horizons in Cretaceous and younger

sediments. The gas-centered basin geometry

possesses a thick, gas-saturated section that

significantly reduces exploration risk and leaves

only reservoir thickness (a function of deposi

tional systems) and reservoir quality or perme

ability (a function of natural fracturing) as un

known exploration variables.

As a result, exploration and drilling risk is ex

tremely low. Because of low reservoir matrix

permeability, natural fracturing is critical be

cause it controls wellbore deliverability and the

ultimate profitability of a well. Unfortunately,

say Hoak et al., exploration methodologies de

veloped to date for this basin cannot fully pre

dict reservoir thickness from a depositional

systems perspective. Significantly greater suc

cess has been achieved in the ability to predict

the likelihood and location of tectonic fracturing.

Deeper pay potential exists but at the present

time is uneconomic.

Overview of the Opportunity

It is important to recognize that the northern half

of the lease area is bordered by the steep to

pography of the Roan Cliffs that effectively pre

cludes drill pad development. It is possible,

however, to exploit these areas by drilling direc-

tionally from the base of the cliff areas. It is

currently uneconomic to do so, although future

increases in gas prices may stimulate such ac

tivity.

Locally, Mesaverde wells intersecting natural

fracture networks produce up to 2.5 billion cubic
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feet per well (at 7,850 to 9,500 feet deep). According to Hoak et al., typical drilling and

Shallower Wasatch wells drilled from the same completion costs in the area range from

well pad can produce an additional 1 billion cu- $750,000 to $815,000 for a Mesaverde comple

te feet (at 2,750 to 3,200 feet deep). tion, and $265,000 to $320,000 for a Wasatch

producer.
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PROJECT ACTIVITIES

SUNCOR REVIEWS PROJECT MILLENNIUM

At an Alberta Energy and Utilities Board (EUB)
Hearing on January 12, M. Shaw and others of

Suncor Oil Sands gave the EUB an overview of

Suncor's Project Millennium, the plan to in

crease production to 210,000 barrels per day

by 2002.

In 1992 Suncor unveiled a strategic plan to im

prove its long-term profitability and to make its

production costs competitive with those of Can

ada's top producers of conventional crude oil.

The strategic plan includes:

Production costs as of third quarter 1998

were C$12.50 per barrel or nearly $5 per

barrel lower than in 1992.

Production rose from 60,000 barrels per

day in 1993 to over 100,000 barrels per

day by the end of 1998.

Mining changed from the bucket-wheel

mining technology that enabled the in

dustry to become established, to the

truck-and-shovel technology that has

made oil sands mining competitive with

conventional oil.

Suncor introduced the world's first vac

uum tower operating with full bitumen

feedstock.

Jointly with Syncrude, and with help from
research institutions, Suncor developed

the consolidated tailings process to en

sure the appropriate balance of solid

landscape reclamation with wetlands.

Consultation processes with stakeholders

have been initiated.

Market development has secured long-

term demand for Suncor's products, both

domestically and in the United States.

Since 1992 Suncor has accomplished the fol

lowing environmental improvements:

Improved the sulfur plant (in 1994), in

creasing sulfur recovery from 96 to

98 percent.

Enhanced odor abatement (in 1995) with

the installation of a vent collection and

treatment system on the diluted bitumen

tankage, the secondary Extraction Plant

and the Naphtha Recovery Unit.

Further significant reductions of sulfur

dioxide emissions with the 1996 startup

of the Flue Gas Desulfurization Unit to

treat Energy Services Plant stack emis

sions. In tandem with improvements in

the sulfur plant this project reduced

overall plant-wide sulfur dioxide emis

sions by approximately 75 percent from

1995 levels.

Technology and energy utilization im

provements have reduced the emission

of greenhouse gases. While oil produc

tion increased by 37 percent from 1990

to 1997, greenhouse gas emissions in

creased only 5 percent.

The application of new technology to

consolidate tailings commenced in

late 1995. This technology will produce

tailings that can be reclaimed to a dry
state.

Suncor's oil sands facilities are located about

35 kilometers north of Fort McMurray and they
straddle the Athabasca River. The present op
erations are situated on the West side of the

river and include Lease 86/17 Mine (which

commenced operation in 1967) and a Base

Plant comprising Extraction, Upgrading and En

ergy Services. Steepbank Mine, a new devel

opment linked by a bridge (commissioned

in 1997) over the Athabasca River, is situated
on the East side ofthe river.

Steepbank Mine, together with the Fixed Plant

Expansion Project, boosted Suncor Oil Sands
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production capacity to 105,000 barrels per day
by year-end 1998. The Production Enhance

ment Phase will raise production in increments

to 130,000 barrels per day in 2001.

Project Millennium will further increase the pro

duction capacity of upgraded crude oil products

to a minimum of 210,000 barrels per day
by 2002, through the expansion of Steepbank

Mine and additional plant capacity.

At a cost of $2 billion, the scope of Project Mil

lennium includes all activities required to plan,

construct and operate a major facility expan

sion.

These activities include:

An expansion of Steepbank Mine

Millennium Extraction Plant (a second

primary separation plant) located on the

East side of the Athabasca River to pro

duce raw bitumen

Raw bitumen pipeline to the existing

Base Extraction Plant

Modifications to the Base Extraction

Plant to clean the raw bitumen and pro

duce a diluted bitumen product

A second upgrader train to produce a

slate of upgraded crude oil products

Modifications and additions to Energy
Services steam and power generation

facilities, as well as other infrastructure

to facilitate the increased production

level

Management, control and mitigation of

environmental impacts during construc

tion and operation of mine and plant fa

cilities

An integrated management plan for all

tailings produced by both Extraction

Plants and an integrated reclamation

plan for current and future tailings ponds

and other disturbed areas

When Project Millennium comes on-stream,

Lease 86/17 Mine will have been depleted and

all ore will be supplied by an expanded Steep
bank Mine.

Approximately half of the ore will be produced

from the initial mining pit (Pit 1), then converted

to a slurry at the Steepbank Ore Preparation

Plant and hydrotransported to the Base Extrac

tion Plant for primary and secondary extraction.

The other half of the ore will be produced from a

second mining pit (Pit 2). That ore will be deliv

ered to the Millennium Extraction Plant (located

on the East side of the Athabasca River near

Pit 2) for primary extraction. Raw bitumen pro

duced by this plant will be pipelined to the Base

Secondary Extraction Plant for further cleanup.

The bitumen will then be sent to the Upgrader

for further processing.

Tailings (coarse sand, fine minerals, water and

some hydrocarbon) from extraction are piped to

the tailings pump house for conversion to Con

solidated Tailings and then disposal in ponds in

mined areas. Included in Consolidated Tailings

will be mature fine tailings recovered from ex

isting ponds. Ultimately, an existing inventory
of fine tailings will be converted to Consolidated

Tailings that will be reclaimed into a dry land

scape. Consolidated Tailings will be placed in

available space on Lease 86/17 and subse

quently in the mined areas of Steepbank Mine.

Water releases rapidly from Consolidated Tail

ings and is recycled for reuse in Extraction.

A second upgrader train will be added, using

essentially the existing process, but with the

latest technology enhancements. The major

upgrading steps include:

Recovering diluent

Processing bitumen, using delayed cok

ing
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Manufacturing hydrogen from steam and

natural gas for use in hydrotreating

Hydrotreating coker products to remove

sulfur

ket. As part of the phased approach to con

struction of the facilities, an opportunity to pro

vide 200 megawatts of electric energy to the

provincial power grid in advance of the

1999-2000 winter season can be realized.

Removing sulfur from byproduct gases

The Project Millennium Upgrader has been de

signed as a greenfield facility, and while using
present technology, will introduce several en

hancements including:

Improved utilization of extraction recycle

water for process cooling purposes

A reconfigured cooling and wastewater

system, which will reduce withdrawals of

water from the Athabasca River

A new sulfur recovery facility which will

recover 99.5 percent of sulfur

Low nitrogen oxide burners in all new

fired heaters

No new continuous-flaring sources

The typical product slate from all of Suncor Oil

Sands when Project Millennium is complete will

be in the following proportions:

Light Sweet Crude

100,000 barrels per day

Light Sour Crude

80,000 barrels per day

approximately

approximately

Diesel approximately 30,000 barrels per

day

These products are transported through an ex

tensive pipeline network to reach markets in

Eastern Canada, Central United States, the

West Coast and offshore. Some of the diesel

production is used by Suncor's mine fleet and

for local transportation.

Over its 30-year life the project will produce and

upgrade 2.8 billion barrels of bitumen for mar-

Utilization of warm-water extraction technology
(instead of the existing hot-water process) and

heat integration with the Upgrader serve to re

duce the steam demand per unit of bitumen

production such that additional steam genera

tion is also reduced.

Project Millennium will require the relocation of

certain support infrastructure. Currently in

cluded in plans are:

A relocated camp for approximately

3,000 persons

A Suncor tank farm

A natural gas liquids plant and storage

facility

A tank farm and pipeline terminal for the

Athabasca Pipeline Project

Possible tanker truck loading and un

loading facilities

Surface reclamation of disturbed land occurs as

areas become available. At Suncor reclamation

objectives are to re-establish a forest ecosystem

common to the area that has a capability that is

equivalent to the predisturbance conditions.

The final landscape will be capable of develop
ing into a self-sustaining cover of forest vegeta

tion that could provide a range of uses, the ex

act mix as yet to be determined by local stake

holders.

Suncor's Mine plan recognizes the environ

mental sensitivity in disturbing areas surround

ing the Steepbank and Athabasca Rivers. On

the South side of the Steepbank River, an un

disturbed 100-meter setback is maintained from

the crest of the escarpment. Along the Ath

abasca River, the mine plan removes ore out to
the edge of the escarpment resulting in a
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300-meter setback. By 2005 the Pit 1 escarp

ment will be rebuilt, with a dike constructed from

suitable overburden materials to an elevation

approximately equivalent to the top of the pres

ent escarpment. The escarpment area will then

be reclaimed. Similarly, the Pit 2 escarpment

will be rebuilt by 2008.

Rationale for ProjectMillennium

Suncor says it can proceed with Project Millen

nium with confidence because:

A marketwindow of opportunity exists for

oil sands products with an integrated

transportation system.

Suncor has demonstrated the economic

viability of oil sands operations, even in

an environment of low commodity prices.

Suncor has exhibited continuous im

provement in its operation through col

laborative research, application of tech

nology, management and operating
practices.

The business climate is favorable, with a

generic fiscal tax and royalty regime, as

well as a regulatory environment that is

fair, predictable and timely.

Suncor believes the environmental and

social impacts of the proposed develop
ment can be mitigated to a level accept

able to its communities.

The net economic benefit accruing from

the project is significant to the region,

Alberta and Canada.

Average annual operating expenditures for

Project Millennium are estimated at $285 million

(incremental). Suncor's desire to acquire goods

and services from locally owned businesses

would generate substantial economic benefits

for both the Regional Municipality of Wood

Buffalo and the Province ofAlberta.

The oil sands are a national resource and may

soon become the main source for Canada's

long-term fuel supply as conventional supplies

are declining. Oil sands products are in demand

both domestically and in the United States.

Suncor's efforts make this resource a valuable

and key part ofCanada's economic success and

energy self-sufficiency.

Project Millennium is expected to further en

hance economic viability. After full production

is reached, Project Millennium operating costs

(including sustaining capital), are expected to

average C$10 per barrel to C$11 per barrel.

The lower operating costs further improve the

competitiveness of oil sands production in the

marketplace, reduce the vulnerability of the op

eration to world oil price volatility and secure the

company's future.

Environmental, Health and Safety

When Suncor first announced Project Millen

nium some 17 months ago, at the top of the "to
do"

list was the completion of a comprehensive

engineering and environmental study.

The Environmental Impact Analysis (EIA) was

designed to:

Identify environmental resources likely to
be impacted

Predict the nature of the changes

Assess the likely effect of the identified

changes

Apply appropriate mitigation measures

Continue this process until the residual

effectswere acceptable

Three different assessment scenarios were em

ployed in the EIA.

The first scenario, the Baseline, included all ex

isting developments in addition to those that had
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already received regulatory approval to proceed

but were not yet fully commissioned. An exam

ple of the latter would be the Syncrude Aurora

Mine. The second assessment scenario con

sisted of Project Millennium in combination with

the Baseline developments. The third assess

ment was a Cumulative Assessment scenario.

It was developed in consultation with other in

dustry players and considered market realities

for all existing and approved developments,
Project Millennium, and all planned develop
ments that had proceeded to the public disclo

sure stage. An example of the project ad

vanced to the public disclosure stage would be

Mobil's Keari Oil Sands Project.

Air

Sources ofVolatile Organic Compounds (VOCs)
at Suncor include fugitive emissions from up

grading processing equipment, tank farms, ex

traction plant vents, exposed mine faces and

the tailings ponds. The tailings ponds are a sig
nificant VOC emission source. The majority of

emissions from the ponds originate from the

unrecovered diluent in the secondary tailings

stream leaving the Naphtha Recovery Unit.

Using air dispersion modeling, VOC concentra

tions in the communities of Fort McKay, Fort

McMurray and Fort Chipewyan were calculated.

The results indicate that concentrations are at

acceptable levels from a human health risk per

spective for all scenarios included in the as

sessment. This conclusion was determined by
comparing predicted exposure levels to regula

tory, health-based acceptable exposure levels.

S02 and NOx

The principal sources of SO2 are the power

house stacks, the sulfur incinerator stack, the

new tail gas treatment unit stack, hydrocarbon

and acid gas flaring, and the upgrader furnace

stacks. Over the last few years, Suncor has

commissioned the Flue Gas Desulfurization

Plant, the Superclaus enhancements to the

Sulfur Recovery Units to reduce plant-wide sul

fur dioxide emissions by 75 percent. In 1999

Suncor plans to commission its Flare Gas Re

covery Project. Further SO2 reductions will

arise as a result of the natural gas liquids deal

with Novagas Canada Limited Partnership. This

deal will further reduce SO2 emissions both from

existing Upgrading furnaces and the proposed

Millennium Upgrading furnaces. Because these

emissions are low elevation sources, this reduc

tion will have significant benefits by reducing the

predicted ground level concentration of SO2. In

fact, the predicted number of SO2 ground level

exceedences at Project Millennium production

rates will be reduced to zero.

NOx emissions from Suncor were assessed at

double the 1997 levels in the Project Millennium

EIA. The bulk of this increase results from the

larger mine fleet required to operate the ex

panded mine. Even with this increase, the air

dispersion models do not predict any ex

ceedences of the Alberta Ambient Air Quality
Guidelines for nitrogen dioxide in the communi

ties of Fort McKay, Fort McMurray or Fort

Chipewyan.

Particulate Matter

The predicted concentrations of PM25 and PM10
are well below the United States Environmental

Protection Agency primary standards in the

communities of Fort McKay, Fort McMurray and

Fort Chipewyan. Predicted concentrations of

PM10 in these three communities are also lower

than available interim guidelines from other

provinces. The only exception is the predicted

PM10 concentrations in Fort McMurray. These

concentrations, however, are dominated by lo

cal, non-oil sands emission sources, principally
from vehicle emissions and as a result of resi

dential wood burning in fireplaces and wood

stoves. Dispersion modeling confirms that more

than 85 percent of the predicted PM10 in Fort

McMurray results from non-oil sands activities.

Greenhouse Gas Emissions

Suncor takes the climate change issue seriously
and is striving to manage its net contribution of

greenhouse gases to the atmosphere so they do
not increase beyond 1990 levels. The first pri

ority is to understand and manage the project's

own emissions. However, it is impossible to

double production without increasing absolute
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C02 emissions. For this reason Suncor plans to

make use of flexibility mechanisms that would

allow them to claim domestic and international

offsets. The predicted Project Millennium

greenhouse gas emissions are 30 percent less

than what they otherwise would have been had

the project not been designed with a focus on

creative energy conservation and optimization.

Terrestrial

There is no question that the development of an

open-pit mine impacts the landscape. However,
mine pits are not forever. With the disturbance

comes an opportunity for reclamation. Suncor

helped develop the consolidated tailings tech

nology which will allow reclamation to proceed

much more rapidly than had previously been the

case. Suncor says it will continue to employ
progressive reclamation techniques to ensure

that when operations cease, the land disturbed

is left in a state comparable to what existed be

fore Suncor began development.

SHELL CANADAWINS APPROVAL FOR

MUSKEG RIVER MINE

In February the Alberta Energy and Utilities

Board (EUB) approved an application by Shell

Canada Ltd. for a new oil sands mine (the Mus

keg River Mine). Shell's proposed development

includes a truck-and-shovel mining operation,

bitumen extraction and treatment plants, and

related supporting facilities. Production capa

bilities are expected to be about 150,000 barrels

of bitumen product per day. The project would

be located on Lease 13, east of the Athabasca

River about 70 kilometers north of Fort McMur

ray, Alberta.

Shell's associated oil sands developments con

sist of three separate but integrated compo

nents: the Muskeg River Mine, the proposed

$1.9 billion Scotford Upgrader located within

Strathcona County, and a $500 million pipeline

connecting the two. The February decision re

lates only to the Muskeg River Mine application.

The other applications will be considered on

their own merits.

The Muskeg River Mine application was the

subject of an EUB public hearing held in

Fort McMurray from November 16 to Novem

ber 19, 1998. The EUB accepted Shell's pro

posed mining process and believes the Muskeg
River Mine represents an efficient use of Al

berta's resources. The Board says it will con

tinue to evaluate opportunities to maximize re

source recovery from Lease 13.

The EUB concluded that the proposed devel

opment would not result in unacceptable socio

economic or environmental impacts. The Board

believes that regional cumulative environmental

impacts will be addressed through an existing

initiative, specifically Alberta Environmental

Protection's Regional Sustainable Development

Strategy. All companies in the region that hold

Board approvals are expected to participate in

this initiative.

Work on the $1 .4 billion oil sands mine is ex

pected to begin next year, although Shell will

not make a firm decision until later this year.

Environment Canada, conservationists and Abo

riginal leaders told the Board in November that

they were concerned about the impact of the

mine on wildlife and water quality. The chief of

the Athabasca Chipewyan First Nation, a local

Aboriginal community, complained that existing
oil sands developments had already decimated

his people's traditional way of life.

Still, the Alberta Government has said it wants

the project approved without the review recom

mended by Environment Canada.

ATCO Group Joins Shell to Study
Cogeneration Plant

Also in February Shell Canada and CU Power

Canada Ltd. (CU Power), an ATCO company,
announced they will proceed with a joint feasi

bility study to develop a cogeneration plant at

the Muskeg River Mine.
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The CU Power cogeneration facility will consist

of two gas turbines with a total capacity of

172 megawatts. The Muskeg River Mine will

use approximately half of the electricity with the

balance being sold to the Alberta power grid.

The Muskeg River Mine will use all of the ther

mal output from the project.

CU Power will conduct a feasibility study for the

cogeneration project in conjunction with Shell's

ongoing feasibility studies for the other compo

nents of the oil sands projectthe Muskeg
River Mine, Scotford Upgrader and Corridor

Pipeline. CU Power will build, own and operate

the cogeneration facility. Startup is targeted for

2002, which coincides with the startup of the

Muskeg RiverMine.

Hydrogen Plant

Shell Canada Ltd. has let a contract to a group

including Krupp Uhde GmbH, Parsons Corpora

tion, Tri Ocean Engineering Ltd., and

H.A. Simons Ltd. for the construction of a

558-tonne per day hydrogen plant near Ed

monton. The hydrogen will be used to treat and

condition bitumen from Shell's Athabasca oil

sands projects. The plant is slated for startup

in 2002.

dated extraction and upgrading facilities which

could produce 130,000 barrels per day of Syn

thetic Crude Oil (SCO) from this lease in 2003.

According to Kubasek, the latest in truck-and-

shovel technology and extraction processes will

be utilized to optimize economics and mitigate

environmental effects. The building of proc

essing facilities in Alberta to upgrade the bitu

men to higher value marketable SCO provides

an opportunity to produce a product optimized

formarketability and costs.

The potential development of Keari would re

quire an estimated capital cost of C$2.5 billion.

Kubasek says some of Mobil's key drivers for

participation in oil sands development are:

The Alberta oil sands is one of the larg
est resource bases in the world, highly
concentrated in a relatively small area,

and capable of sustaining production

rates for a long time.

Improved generic fiscal terms from the

federal and provincial governments pro

vide more fiscal certainty and a level

playing field for all investors. An attrac

tive feature is a low 1 percent gross roy

alty until payout of invested capital and a

return allowance.

MOBIL'S KEARL OIL SANDS PROJECT

COULD PRODUCE 130,000 BARRELS PER

DAY

W. Kubasek of Mobil Oil Canada described Mo

bil's Keari Oil Sands Project at the Seventh

UNITAR International Conference on Heavy
Crude and Tar Sands held in Beijing, China, last

October.

Mobil's Keari lease area is shown in Figure 1.

The holding, 70 kilometers north of Fort McMur

ray, contains approximately 1 .5 billion barrels of
8
API gravity recoverable bitumen and is shal

low enough to be surface mineable. In

early 1997 Mobil announced plans to develop
the Keari Oil Sands Project and construct asso-

Major technological advances have re

sulted in dramatically lower capital and

operating costs and higher bitumen re

coveries.

The proximity of a large and efficient

pipeline transportation network to a large

market in the Midwestern United States.

The pioneering efforts of Syncrude Can

ada Ltd. and Suncor Energy Inc. have

resulted in the development and avail

ability of substantial technical and indus

trial expertise in Alberta to engineer,

procure and construct oil sands mining
projects.
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FIGURE 1

KEARLOILSANDS MINE LEA8E

SOURCE: KUBASEK
Fort McMurray

At Keari the ore will be mined using three to five

44-cubic meter cable shovels, one or two

25-cubic meter hydraulic shovels and 10 to

49 220-tonne trucks. This particular combina

tion of trucks and shovels best fits the expected

shape and ore body characteristics of the Keari

mine.

The mining operation will deliver an average of

75 million tonnes of oil sands per year to the

extraction facility and manage a similar volume

ofwaste material each year.

The extraction plant consists of two trains of

separation cells followed by two-stage froth flo

tation. The froth treatment plant comprises two-

stage centrifugal separation which would oper

ate on recycled naphtha diluent, a tailings

naphtha recovery unit and a diluent recovery
unit.

Upgrading Issues

At this time, Kubasek says there are several

issues to resolve with respect to upgrading of

Keari bitumen. Principal among these are the

location and technology to be employed in the

Keari upgrader.

Technologies for upgrading oil sands bitumen

range from high yield and relatively high cost

direct bitumen hydrogenation methods to

somewhat lower yield and moderate cost ther

mal methods. Residue from heavy, high metal

content crudes (greater than 150 to 200 parts

per million Ni + V) such as Athabasca bitumen

is not suited for conventional fixed-bed hydro-

processing because the metals will deposit on

the catalyst resulting in rapid deactivation.

For high metal content crudes, bitumen hydro-

processing options which allow for onstream
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catalyst replacement such as the ebbulated

processes, H-Oil and LC-Fining, may be suit

able. However, even the ebbulated bed proc

esses could experience operational difficulties.

The slurry hydrocracking processes (i.e.,
CANMET and VEBA-Combi Cracking) employ

low-cost catalytic additives that are continuously
added and withdrawn from the reactor. Catalyst

deactivation is not normally a problem in these

processes even with the dirtiest of feeds. How

ever, although these slurry hydrocracking proc

esses have been available for well over a dec

ade, neither has been scaled up or commer

cialized beyond the relatively small scale

(4,000- to 5,000-barrel per day) units that first

demonstrated them. As a result, a commer

cialization risk must be associated with these

processes.

The technology selected for the Keari upgrader

will be that which gives the most favorable eco

nomics for the complete process for bitumen to

marketable synthetic crude product.

Studies to date indicate that in the case of co-

location of the upgrader with the mining and

extraction facilities, the economics attained with

delayed coking/hydrotreating are probably best.

Regardless of the location or technology, the

present plan is to produce only a partially up

graded SCO. Current plans are to thermally
and catalytically process only the vacuum bot

toms fraction of the bitumen molecules (about

50 percent by volume), bypassing the remaining
higher quality fraction to save substantial costs.

After the vacuum bottoms fraction has been

processed, the streams would be reblended and

shipped down the pipeline to be upgraded in

refineries that are well equipped to further refine

them to high-quality finished products.

Present estimate is that Mobil will get a some

what higher yield and somewhat lower quality

than has been historically reported by Suncor

and Syncrude.

The near-term objectives for Keari development

include preparation and submission of applica

tions to regulatory authorities in 1999.

PETROLERAAMERIVEN PARTNERS

EXPRESS CONFIDENCE IN

ORINOCO/HAMACA PROJECT

Petroleos de Venezuela S.A., ARCO, Phillips

and Texaco, the four partner companies, re

cently approved Petrolera Ameriven's 1999

Hamaca Project plan and expressed their con

tinued confidence in the project as well as their

commitment to move it forward. "We have

never stopped our activities and we plan to con

tinue our efforts to optimize the Hamaca Project

to create the most profitable venture in the Ori
noco,"

said D. Garcia of Petrolera Ameriven.

"The project has not been canceled as it has

been suggested in previous press information.

"We have streamlined spending in 1999 and are

making design improvements and cost reduc

tions to optimize the project's
economics."

Petrolera Ameriven's Hamaca Project will pro

duce and upgrade 200,000 barrels per day of

extra-heavy crude from Venezuela's Orinoco

Belt. The decision on the construction phase of

the project has been delayed, but is scheduled

to be made by June 30.

GULF CANADA SEEKS SHUT-IN OF

NATURAL GAS PRODUCTION NEAR

SURMONT PROJECT

Gulf Canada Resources Ltd. has asked the Al

berta Energy and Utilities Board (EUB) to insti

tute a shut-in of natural gas production from

wells near its planned C$1 billion Surmont oil

sands project in Alberta. Gulf wants producers

to suspend their natural gas production until

prices become more favorable.
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Shutting in the wells would enable Gulf to

maintain reservoir pressure needed to pump

bitumen at the project. Continuing gas produc

tion reduces the economic viability of the

planned oil sands project. Area gas producers

oppose Gulfs request, saying their production

would not be detrimental to the Surmont project.

The EUB has set a hearing date for April 20.

JAPAN CANADA OIL SANDS STARTS UP

HANGINGSTONE PROJECT

Japan Canada Oil Sands Ltd. has began opera

tion of a C$150 million pilot oil sands plant in

Alberta, Canada. The Hangingstone facility is

expected to produce 2,000 barrels per day of

heavy oil in the first of three phases, with a tar

get of 10,000 barrels per day by 2002. The

project will use steam injection technology for

bitumen recovery.

COASTAL'S ZUATA PROJECT IN

VENEZUELA PUT ON HOLD

The Zuata Project in Venezuela is a joint ven

ture between Petroleos de Venezuela S.A. and

Coastal Corporation which ranges from the pro

duction of extra-heavy crudes from the Orinoco

Belt to the manufacture and sale of finished

products.

The production zone is located west of Zuata, in

what is considered a high-priority area in Ori

noco Belt development. This will allow the pro

duction of 8.3API Zuata crude, which is to be

diluted for transportation to the Jose Condo

minium in the State of Anzodtegui through the

pipeline being constructed as part of the

Petrozuata Project.

The construction of a complex of refining units

to upgrade the crude quality to a
14

to 22API

synthetic crude for export to the United States,

is foreseen at the Jose Condominium. The

complex contemplates the construction of de

salting facilities and diluent fractionation, as well

as of conversion units to upgrade the crude, and

industrial services, together with the required

storage facilities.

The $1.75 billion project was recently sus

pended because of low oil prices.

The upstream part of the project has been put

on hold, but the associated refinery upgrade is

still under consideration.

SINCOR AWARDS CONSTRUCTION

CONTRACTS

Sincor CA, a joint-venture company composed

of Total Venezuela (47 percent), Petroleos de

Venezuela SA. (38 percent) and Statoil Sin

corA.S. (15 percent) has awarded Contrina a

contract to design and build, on a turnkey basis,

extra-heavy crude oil facilities and associated

utilities and offsites at Jos, near Puerto La

Cruz.

Contrina is a joint venture formed by five engi

neering and construction firms: Technip of

France, Brown & Root, and Parsons of the

United States, and two Venezuelan firms,
Proyecta and Dit-Harris. It was created for the

Venezuelan heavy-oil upgrader program.

With a treatment capacity of 284,000 barrels per

day, the Sincor Downstream Refinery Project

will receive diluted heavy crude oil from the

Zuata region of the Orinoco oil belt to produce

high-grade synthetic oil. The main facilities un

der the scope of work of Contrina include a

crude/vacuum distillation unit, a mild hy
drocracker, and a naphtha distillate hy
drotreater, sulfur handling facilities, and all utili

ties and offsites. The contract is valued at ap

proximately US$750 million. The facilities

under Contrina's scope are scheduled to be

completed in September 2001 .
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Hydrogen Plant

Sincor also let a 170 million Deutsche Mark

turnkey contract to Krupp Uhde GmbH, Dort

mund, Germany, for the supply of a 422-ton per

day hydrogen plant. The plant is slated for op

eration by year-end 2001 .

CB&I to Supply Storage Tanks

Chicago Bridge & Iron Company N.V. (CB&I)
has been awarded a contract to design, engi

neer, procure, fabricate and erect tankage for

the Sincor project. CB&I will supply storage

tanks with a capacity of 4.5 million barrels at a

value of about $40 million.

CORPORATIONS

ORIMULSION SALES SLIP DURING 1998

Exports of the Venezuelan-made boiler fuel,

Orimulsion, dropped 8 percent in 1998, Biter's

C. Borregales announced. Last year the country

sold 3.535 million tonnes of Orimulsion, some

293,000 tonnes less than in 1997.

Bitumenes del Orinoco (Bitor), the company in

charge of producing and marketing the tar-base

fuel, said that last year's profits were $12 mil

lion, 29 percent less than it made in 1997.

"Lithuania has changed to Russian fuel oil be

cause they find it cheaper than importing
Orimulsion from

Venezuela,"

Borregales said.

TECHNOLOGY

HORIZONTALWELLS THE KEY TO

ECONOMIC FEASIBILITY OF ORINOCO

HEAVY CRUDE

Early in 1990 the idea that horizontal wells could

enhance both technically and economically the

development of Venezuelan heavy oil was ana

lyzed.

J. McGee et al. of Petroleos de Venezuela S.A.

(PDVSA) have described how PDVSA improved

the profitability of the exploitation of the heavy
and extra-heavy oil reservoirs, by drilling hori

zontal new wells and horizontal re-entries and

artificially lifting them with high capacity pro

gressive cavity and electric submersible pumps.

Their paper was presented at the Seventh

UNITAR International Conference on Heavy
Crude and Tar Sands held in Beijing, China, last

October.

Well Completion

A typical well completion is shown in Figure 1.

The production casing and tubing are 7 inches

and 3.5 inches in diameter, respectively, and

the liner is 4.5 inches diameter0.02-inch slot

slotted liner, which is placed in the horizontal

section without cementing or gravel packing. If

sand production is anticipated, a prepacked

resin coated gravel pack is used. In three wells

steam stimulation treatments were planned so

ceramics were placed in the screens and no

operational problemswere experienced.

An external inflatable packer is used to seal off

the formation and the slotted liner to prevent

communication with undesirable gas or water
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FIGURE 1

TYPICALRE-ENTRYCOMPLETION
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zones, and an internal packer is set between the

production casing and tubing. The inflatable

packer is normally filled with cement.

Artificial LiftMethods

In the Eastern division all of the re-entries have

been drilled in heavy oil reservoirs and although

several lifting methods have been tested,
70 percent of the wells have installed high ca

pacity Progressive Cavity Pumps (PCP), which

have been effective in lifting these viscous flu

ids, with rates as high as 2,000 barrels of oil per

day. Some of these wells have diluent injec

tion downhole by means of a 0.5-inch coiled

tubing; this has resulted in higher production

rates and higher longevity of the pumps with a

service workover reduction from two per year to

only one per year. Currently, testing of PCP

with downhole motors is under way with the po

tential of eliminating rod failures and providing a

more cost competitive method when compared

to Electric Submersible Pumps (ESP).

More recently, ESPs have been tested with

good results in 9API erodes. These pumps re

quire a downhole gas separator and diluent in

jection. In some high gas/oil ratio reservoirs the

installation of gas separators in series is re

quired. In one well with a gas/oil ratio of

3,000 standard cubic feet of gas per stock tank

barrel of oil (scf/stb) these separators in series

solved the problem. Other methods used in the

Eastern division are gas lift and conventional

rod pumping.

In the Western division over 90 percent of the

wells are on gas lift, mainly because of the

lighter nature of the crude and the availability of

the high pressure gas.
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ReservoirDescription

In the Eastern division all re-entries have been

drilled in highly unconsolidated, heavy oil bear

ing, shallow Miocene and Oligocene reservoirs.

Average depth is 3,600 feet with high perme

ability and porosity of about 4,000 millidarcies

and 30 percent, respectively. Reservoir pres

sure and temperature are on the order of

1,400 psi and 140F. Some crude properties

are 8 to 13API, 2,000 centipoise viscosity at

reservoir conditions and gas/oil ratios ranging
from 100 to 2,000 scf/stb. Compaction is also

likely to occur after a significant amount of pro

duction, based on the high degree of unconsoli-

dation. Taking into account all production

mechanisms, primary recovery could be on the

order of 20 percent.

In the Western division re-entries have been

drilled in both Miocene and Eocene reservoirs.

Miocene reservoirs are similar in depth to those

in the Eastern division, some differences are

lighter oil, in the range of 11 to 25API, perme

abilities not as high, more in the 300 millidarcies

range, and low pressure in the range of 600 psi.

Eocene reservoirs are deeper, averaging
6,000 feet, with permeability and porosity rang

ing from 150 to 300 millidarcies and 20 to

25 percent, respectively. API gravities are on

the order of 20 to 28API and gas/oil ratios

range between 400 and 10,000 scf/stb. Sand

thicknesses where re-entries have been drilled

are as small as 15 feet.

Production Results

In the Eastern division production rates have

increased from zero barrels oil per day (bopd) in
inactive wells or 50 in low productivity wells to

an average of 500 bopd, with two exceptional

wells that have exceeded 2,000 bopd. In the

Western division rates have increased from

zero in inactive wells to 30 bopd to an average

of 350 bopd in Miocene reservoirs and to

700 bopd in Eocene reservoirs. An exceptional

well is producing 2,000 bopd.

In all reservoirs, in addition to the substantial

rate increase, significant reductions in water,

gas and sand production have been obtained.

Water cut has been reduced from an average of

60 percent to less than 20 percent, gas/oil ratios

from 10,000 to 500 scf/stb and no sand produc

tion has been observed to date.

As to the economics of the re-entries, the aver

age per well rate of return is 65 percent. Dis

counted at a 10 percent rate, net present value

is $850,000 per well more than twice that for

vertical or inclined wells and the payout time is

2.4 years.

Future Plans

Future plans call for drilling and testing multiple

branch wells which could further improve pro

duction rates by about 50 percent. They will be

drilled underbalanced and with coiled tubing to

minimize formation damage and to further re

duce cost.

Other technologies being considered are slim

holes, multiple fractured horizontal wells, steam

assisted gravity drainage. Also under consid

eration are new relationships with service com

panies in the form of alliances with risk-sharing
type agreements.

HEAVY OIL RECOVERED FROM THIN PAY

ZONES BY ELECTROMAGNETIC HEATING

There are many heavy oil reservoirs with thin

pay zones (less than 10 meters). Conventional

thermal recovery methods such as steam injec

tion are not cost-effective for these thin reser

voirs, due to excessive heat loss through the

overburden. In order to minimize heat losses, it

is necessary to be able to carry out controlled

heating of the pay zone. One such way to intro

duce heat to the reservoir in a controlled man

ner is electromagnetic heating. Y. Hu, of

HYCAL Energy Research Laboratory, Calgary,

Alberta, Canada, et al. summarized the results

of laboratory studies on electromagnetic heating
of a scaled model of a heavy oil reservoirwith a

thin pay zone in Energy Sources, Volume 21,
pages 63-73, 1999.
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In electromagnetic heating, an electromagnetic

wave is radiated from the electrodes into the oil-

bearing formation. As the electromagnetic

wave propagates into the formation, fluids and

other reservoir materials impede its passage.

As a result, the intensity of the propagating

wave is reduced and the energy is converted to

heat.

Results

provement over the nitrogen injection case due

to the reduced viscosity of the heavy oil. How

ever, when nitrogen injection and electromag

netic heating were combined, the recovery was

over 45 percent of OOIP, as could be expected

due to the combined effects of viscosity reduc

tion and oil mobilization. As a result, all subse

quent experiments were carried out using the

gas injection and electromagnetic heating com

bination.

The first sets of experiments were conducted to

establish the recovery rates with gas injection,
electromagnetic heating and a combination of

the two. Oil recoveries from nitrogen injection

at 41.3 kPa pressure, electromagnetic heating
at 10 MHz, and the combination of the two are

shown in Figure 1 for a 1,000 MPa-s oil. Gas

injection alone could recover slightly over

20 percent of Original Oil In Place (OOIP).

Electromagnetic heating at 10 MHz resulted in a

recovery of about 24 percent OOIP, an im-

Effect ofGas Injection Pressure

Oil recoveries for the base case of electromag

netic heating at 10 MHz frequency at 60C, with

no-gas injection, along with recoveries with gas

injection under different pressures were com

pared. The no-gas injection case provided a

recovery of over 12 percent, while those cases

with gas injection, at 41 .4 and 82.8 kPa, pro

vided recoveries of over 32 and 42 percent of

OOIP, respectively. In the case of no-gas injec-

FIGURE 1
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tion, there is no significant convective transport

of the oil, and oil recovery is only due to gravity

drainage. With gas injection the production

rate increases and additional oil is recovered

due to the convective transport mechanism,

induced by the injected gas.

While the initial production rate was not signifi

cantly affected by temperature, there was an

increase in the production rate at later times for

high temperature runs. Thus, the overall recov

ery increased with temperature.

Effect of Electromagnetic Frequency

Oil recovery is affected by electromagnetic fre

quency, although the temperature and gas in

jection pressure remain unchanged. The higher

the frequency, the greater is the recovery. Ini

tial recovery curves indicate more or less the

same recoveries for three different frequencies.

However, after the recovery of about 12 percent

of OOIP, the oil recovery rates change, provid

ing higher recoveries with higher frequencies.

Waves with higher electromagnetic frequencies

are better able to propagate through the me

dium. In the present case, the overall recover

ies for 5 MHz, 10 MHz and 20 MHz frequencies

were 29, 32 and 37 percent of OOIP, respec

tively.

Effect of Oil Viscosity

The effect of oil viscosity on oil recovery is

shown in Figure 2. As expected, a higher oil

viscosity leads to a lower recovery for a given

electromagnetic frequency, temperature and

gas injection pressure. In this particular case,

the experiments were carried out at 60C with

an electromagnetic frequency of 10 MHz and

41 .4 kPa of gas injection pressure. Under these

conditions, oil recoveries for oils having viscosi

ties of 1,000 MPa-s and 2,000 MPa-s were 32

and 27 percent, respectively. The recovery of

FIGURE 2
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high viscosity oils can be improved by either

increasing temperature, injection pressure or

electromagnetic frequency.

Effect of Salinity

Salinity of the residual water determines the

conductivity of the reservoir fluid medium and

therefore affects the effectiveness of electro

magnetic wave propagation. Higher salinity
provides higher recovery. The power efficiency
which is defined as the ratio of power input to

that of power delivered indicates the ease with

which input power is absorbed by the reservoir

fluids. Power efficiency for distilled water is

rather poor. With saline water, power efficien

cies as high as 100 percent can be achieved.

Conclusions

The authors conclude that effective heating of

oil-bearing thin pay zones induced by electro

magnetic wave is possible. In addition, heat

losses can be kept to a minimum by confining
the heat to the oil-bearing zone only.

The presence of water is essential for continu

ous propagation of the electromagnetic wave.

The higher salinity increases the conduction of

the electromagneticwave. The frequency of the
applied wave is also a key parameter. It affects

the heat-up rate; higher frequencies provide

faster heat-up rates.

Production of heavy oil of moderate viscosity

(1,000 to 2,000 MPa-s) from a pay zone field

thickness of 10 meters yielded over 45 percent

of OOIP, when electromagnetic heating was

combined with inert gas injection.

CENTRIFUGE TAILINGS CAN BE

PROCESSED TO RECOVER TITANIUM AND

ZIRCONIUM

The production of refinery-grade oil from the

Alberta (Canada) oil sands deposits as currently
practiced by Syncrude and Suncor, generates a

substantial amount of waste including coke, fly

ash, coarse sand and fine tailings. Under cur

rent production conditions, a plant producing

100,000 barrels per day of synthetic crude oil

requires the processing of 100,000 cubic meters

per day of ore which results in a tailings stream

consisting of 100,000 cubic meters of coarse

sand, 2,000 cubic meters of coke, 100 cubic

meters of fly ash and 20,000 cubic meters of

mature fine tailings (30 percent solids).

Heavy minerals, especially those of titanium

and zirconium, present in the oil sands are dis

carded in various tailings streams during the

bitumen extraction process. The volume of

tailings is sufficient to provide feed for a large-

scale titanium pigment plant with enough zircon

to satisfy Canadian demand for metallic zirco

nium. The Oil Sands Coproducts Evaluation

Project, carried out by a consortium of oil and oil

sands companies, and research and develop
ment organizations in Canada, is aimed at de

termining the technical and economical viability

of a Ti/Zr extraction operation in Northern Al

berta.

A. Majid, of the National Research Council of

Canada, et al. discussed the results of a bench-

scale feasibility study to evaluate liquid phase

agglomeration (spherical agglomeration) as an

option for the recovery of titanium and zirco

nium minerals from dilution centrifuge tailings at

the Seventh UNITAR International Conference

on Heavy Crude and Tar Sands held in Beijing,

China, last October.

Test Results

A total of 10 standard agglomeration tests were

conducted (see Figure 1) to agglomerate heavy
metal minerals with coke and bitumen. Condi

tions were varied to determine conditions to

produce a beneficiated, bulk mineral concentra

tion with high recoveries of the targeted miner

als. Rejection of gangue materials in the cen

trifuge tailings was expected to increase the ef

ficiency of subsequent separation of Ti and Zr

by carbo-chlorination.

Test results indicated that both minerals ag
glomerated with coke and bitumen to produce

concentrates with acceptable recoveries. A
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FIGURE 1

AGGLOMERATIONTEST FLOW-DIAGRAM

SOURCE: MAJDETAL.
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summary of these tests is shown in Table 1.

Test 4 represents the best result obtained under

nonoptimized agglomeration conditions. In this

test a concentrate containing 25.5 percent TIO2
(15.3 percent Tl) and 1.2 percent Zr02
(0.9 percent Zr) was obtained. Recovery of Ti

was over 90 percent and for Zr virtually

100 percent.

Conclusions

Based on the results of these preliminary tests it

is concluded that:

In nonoptimized tests, the Ti minerals in

the oil sands centrifuge tailings were

beneficiated by a factor of 2.5 to produce
a concentrate containing approximately
25 percent Ti02 in the ashed product.

It was also possible to beneficiate the

Zr-bearing minerals under the same

conditions by a factor of nearly 4 to pro

duce a concentrate of approximately
1.9 percent Zr02 in the ashed concen

trate.

The recovery of both minerals was high,

being 91 percent for Ti and virtually

100 percent for Zr.

Only coke and bitumen addition levels

were tested. It is expected that by opti

mizing other parameters, such as pulp

density, binder oil viscosity, agitation in

tensity and time and carbon type, higher

concentration ratios for both metals and

better recovery for titanium could be

achieved.

These tests clearly showed the technical viabil

ity of the agglomeration process. Optimized

process conditions combined with a continu

ously operating multistage counter-current ag
glomeration system, should produce high con

centrations of Ti and Zr minerals, in a hydrocar

bon matrix. This mixture will be an ideal

feedstock for a subsequent carbo-chlorination

process for metal recovery, say Majid et al.
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TABLE 1

SUMMARY RESULTS FOR AGGLOMERATION TESTS

Recovery
Yield (wt.%)

Product Reject

Grade fw/w%

Ti(%)

of total)

Test No. TiO> (%) ZrOo (%) Zr(%)

1 40.2 32.3 18.9 0.8 96.8 96.7

2 64.3 47.3 18.4 1.2 73.7 94.0

3 48.8 40.2 23.4 1.9 87.5 100.0

4 41.5 23.4 25.5 1.2 91.1 100.0

IMPROVED FORMULATION DEVELOPED

FOR SECOND GENERATION ORIMULSION

After 10 years of commercial experiences and

proven efficacy, Orimulsion has been redes

igned to improve its performance as a power-

plant fuel. The new generation Orimulsion has

been called Orimulsion 400, its constituents still

being 70 percent bitumen (extracted from the

Orinoco belt in Venezuela), 30 percent water

and a stabilizer agent or surfactant.

F. Marruffo, of Petroleos de Venezuela S.A.

(PDVSA)-Bitor, Caracas, Venezuela, et al. dis

cussed Orimulsion 400 at the Power-Gen Inter

national Conference held in Orlando, Florida,
last December.

There were two main reasons that motivated the

development of Orimulsion 400:

Growing prohibitions for Nonyl Phenol

Ethoxilates (NPE) based detergents

Fouling in boiler tube banks due to the

magnesium content of Orimulsion 100

(350 parts per million)

After 2 years of intensive research activities in

fields as different as interfacial chemistry, fluid

rheology, environmental fate, and combustion,

PDVSA-Bitor jointly with PDVSA-lntevep devel

oped the new fuel. From the emulsion point of

view both formulations, Orimulsion 100 and

Orimulsion 400, are similar, the main differ

ences being the surfactant package, the droplet

size distribution, the viscosity and the absence

ofMgNOs.

Testing

Several tests were performed to validate the

superiority of Orimulsion 400 over Orimul

sion 100 and to guarantee improvements to

Orimulsion
users'

operations.

Dynamic Stability Test - Three combustion

pilot-scale tests were carried out at Energy and

Environmental Research Corporation in Califor

nia, DBRyley in Massachusetts, and Pow-

erTechnology in Ratcliffe, Nottingham, United

Kingdom. In general all three tests produced

similar results. Main conclusions were:

Orimulsion 400 handling properties were

better than Orimulsion 100, as demon

strated by:
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Less pressure drop in pipelines (due

to lower viscosity)

Less back pressure in burner lances

Orimulsion 400 combustion characteris

tics were found in general better than its

predecessor

NOx emissions levels were 10 to

15 percent lower for Orimulsion 400.

CO break point was lower for Orimul

sion 400.

Flame stability and spray characteris

tics were found similar for both for

mulations

Orimulsion 400 fouling resistance is con

siderably lower.

Full-Scale Test

Three full-scale tests were carried out last fall.

A preliminary summary of the full-scale test re

sults showed expected performance regarding

fuel handling:

Less pressure drop during ship discharge

Less pressure drop through fuel system

As observed during the pilot-scale tests, emis

sions levels for Orimulsion 400 were lower. NOx
emissions exhibited a reduction of about

12 percent when firing Orimulsion 400. Nitro

gen content in the new fuel was reduced by
about 10 parts per million.

A reduction of about 20 percent in CO was ob

served when firing Orimulsion 400. This reduc

tion denotes that the new fuel has better com

bustion performance than its predecessor.

Particulate reduction is basically due to magne

sium nitrate exclusion from the formulation at

the manufacturing site. As expected, there were

no changes in SO2 and C02 levels.

The boiler experienced a considerable im

provement in its heat transfer pattern. There is

a reduction of about 90C in the furnace exit gas

temperatures with the Orimulsion 400. This

difference is mainly due to the absence of mag

nesium in the furnace walls. Magnesium effects

in the furnace include not only a fouling incre

ment, but also a reflectivity increase because of

its white coloration.

Three corrosion probes have been inserted in

the boiler to validate the results obtained at pilot

scale. Orimulsion 400 without magnesium does

not have higher corrosion potential than its

predecessor. These results have to be vali

dated under different operational conditions

(i.e., different: O2 excess levels, flame tem

perature profiles, etc.).

Conclusions

Bitor and Intevep have developed an improved

product, which features compliance with envi

ronmental regulations and with client operational

requirements. The product Orimulsion 400 has

been tested rigorously in all stages of the chain,

from pilot-scale to commercial powerplants, re

porting excellent results. In addition, Orimul

sion 400 is 15 percent cheaper to produce.

INTERNATIONAL

ORIMULSION FACES OPPOSITION IN ITALY

Political parties in Italy are trying to block the

use of Orimulsion in Sardinia. E. D'Angelo, the

manager of Bitor Italy, said in February that

Alianza Nazionale (AN) party member

V. Campus has attacked the tar-based boiler

fuel.

"AN has political interests in having the most

important powerplant in the country run on natu

ral gas rather than
Orimulsion,"

D'Angelo said.

During President H. Chavez's visit to Italy,
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Venezuela agreed to supply 3 million tonnes of

Orimulsion to Italian state power company

ENEL. That contract could now be in jeopardy.

Bitumenes del Orinoco (Bitor), the state com

pany in charge of marketing the fuel, expects to

supply the tar-based fuel to ENEL later this

year.

Empresa Nazionale de Idrocarburi had plans to

build an underground pipeline from the main

land to Sardinia to transport natural gas to fuel

the powerplant, D'Angelo said, adding that

"costs are high and no one knows if it will be

actually
built."

LARGE-SCALE TAR SANDS PROJECTS

JUDGED UNLIKELY IN CHINA'S JUNGGAR

BASIN

The Junggar Basin of Xinjiang in Northwest

China has significant tar sand deposits. There

are 28 tar sand outcrops found in this area, as

shown in Figure 1 . Oil in place is estimated at

2.5x1
08

tons by volumetric method and

2.2x1
08

tons by oil content method. The oil-

bearing area is 188 square kilometers.

In 1994 a project named Evaluation of Tar Sand

Properties in Xinjiang and Other Regions of

China and their Feasibility Study for Develop
ment was completed by Xinjiang Petroleum

FIGURE 1

DISTRIBUTION OFTARSAND RESOURCE IN THENORTHWESTERN MARGIN

OF JUNGGARBASIN

Hongshanzhu

district

SOURCE: WHO ETAL.
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Administration Bureau and Department of

Chemical Engineering, University of Petroleum

(Beijing). Y. Ruiqi, of Xinjiang Petroleum Ad

ministration Bureau, CNPC, et al. highlighted

the distribution, property and development pros

pects of the resource at the Seventh UNITAR

International Conference on Heavy Crude and

Tar Sands held in Beijing, China, last October.

With a comparison of properties between Cana

dian tar sands and Chinese tar sands, an

evaluation on Junggar Basin oil sand resources

concluded as follows:

e Oil content is about 8.0 to 9.0 percent

which is a little lower than that of tar

sand in Athabasca, Canada.

e Recovery rate of heavy oil can be up to

80 percent by hot alkaline water extrac

tion method (Figure 2).

The saturated hydrocarbon content of

the heavy oil in the tar sand samples is

41.9 percent, C7 asphaltene content is

low, only 6.1 percent which is almost as

much as those of Canada. Sulfur con

tent is only 0.45 percent which is much

lower than that of Canada's

(4.8 percent).

Because the surface mineable resource is about

100 million tons distributed in an area of

75.2 square kilometers, it is relatively too small

and too sparse for consideration of economical

and sizable industrial development. However,

the oil sand deposit is adjacent to the industrial

area of Xinjiang oil field with convenient supply

of utilities and transportation systems. A small-

scale surface operation may be warranted, say

the authors.

RGURE2

THE INFLUENCEOFNaOH

CONCENTRATION ON

RECOVERYOFOIL

66

64

0.2

SOURCE: YANOETAL.

0.4

NaOH(%)

0.8

INTEGRATED PROCESSING WILL BE THE

KEY TO BITUMEN EXPLOITATION IN

TATARSTAN

At present about 450 deposits of natural bitu

men have been identified in Tatarstan. They
possess a wide range of geological characteris

tics of the productive formation occurrence,

mineral-petrographical and physical-chemical

properties of the natural bitumens, permeability

and porosity. In situ combustion and cyclic

steam stimulation have not been proven and are

not desirable for natural bitumen deposits based

on the application criteria. The feasibility of al

ternative methods of production was discussed

by M. Starshov, of the Scientific and Techno

logical Centre for Production of Bitumen and
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High-Viscous Oils in Ural-Povolzhie Region of

All Russian Oil and Gas Science and Research,

Kazan, Tatarstan, Russia, et al. at the Seventh

UNITAR International Conference on Heavy
Crude and Tar Sands held in Beijing, China, last

October.

The alternative methods of oil sand develop
ment include:

e Mining cleaning digging-out of oil sands

(miners, adits, open pits)

Borehole hydraulic recovery of the loose

oil sands

e Thermal

Mining development

Combined technologies, for example,

in situ recovery and surface mining op

erations

Using the cleaning technologies and borehole

hydraulic recovery, oil sands will be processed

on the surface facilities by alternative ap

proaches:

Bitumen extraction followed by its up

grading and utilization

The use of oil sands as road-making

materials

Based on the study of more than 50 oil sand

deposits, the top priority projects have been

chosen for the alternative development meth

ods. In particular, the graphical analysis of

some mining-geological characteristics (mass

bitumen saturation, bitumen reserves, field

area, pay zone thickness, overburden ratio-

overlying formation thickness to pay zone thick

ness) in relation to a bitumen depth of occur

rence has been performed. For the time being
clear regularities were not revealed. Though it

should be noted that the mass bitumen satura

tion falls in the range of 5 to 10 percent. On the

average, natural bitumen reserves across the

fields lie in the range of 3 to 8 million tonnes.

Oil sand deposit areas may vary over a wide

range, stretching from 1 million to 60 million

square meters. The bitumen saturated thick

ness averages 3 to 11 meters. As one would

expect, an overburden ratio tends to increase as

the oil sand formation depth of occurrence in

creases.

The combined development of oil sands (open-

pit mining and in situ methods) imposes a num

ber of specific requirements upon the explora

tion works for defining oil sand reserves and

open-pit design. To date however, exploration

and estimation of oil sands reserves in Tatar

stan are being performed only in terms of the

in situ recovery methods for development.

Oil sands lying at a depth of up to 180 meters

contain sufficient bitumen reserves in Tatarstan.

A steam drive is inefficient at these depths as a

high-pressure steam is impossible to inject. The

use of in situ combustion results in an essential

change in physical and chemical bitumen prop

erties at a low bitumen recovery (0.3). The

borehole hydraulic recovery process may be

considered as an alternative to the surface

mining methods because stripping operations

are eliminated and capital investments are lower

by a factor of 2 to 3 than using strip mining op

erations. The borehole hydraulic recovery

eliminates deterioration in hydraulic-geological

conditions of subsurface waters that are vital for

the Southeastern part of Tatarstan. Further

more, this method is environmentally accept

able as it includes a cyclic water supply system

and fine tails embedding in made-before-

subsurface chambers. The cost calculations for

bitumen recovery by various methods have

been done for two oil sands fields

(Ashalchinskoye, Mordo-Karmalskoye). These

data are shown in Table 1 .

As indicated from Table 1, the hydraulic method

is quite competitive with the in situ recovery

methods and is superior economically owing to

partial fine tails utilization for road-making mate

rials. Through the improvement of wells design

and reduction in the expenses for their con

struction it is anticipated that technical-and-

economic indices will be improved.
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TABLE 1

COMPARATIVE DATA FOR THE COST OF BITUMEN RECOVERY

Fields

Indices

Development Methods

Bitumen Recoveries

Production Cost,

Arbitrary Units

Production Cost in View

of Fine Tails Realization

per 1 tonne of Bitumen

Recovered

2t

4t

6t

Ashalchinskove

SS Combustion BHM

0.293 0.306
0.64*

68.3 79.3 88.6

73.6

58.5

43.5

Mordovo-Karmalskove

SS BHM

0.320 0.64

64.5 78.9

63.8

48.6

33.7

SS = steam stimulation; BHM = borehole hydraulic recovery

Considering an ore recovery factor (0.8) and bitumen and ore recoveries (0.8)

Oil sands deposits lying deeper than 100 meters

are considered to be the best potential for re

covery by thermal-mining technologies. Calcu

lations show that the cost of bitumen recovery

from the Podlesnoye field by conventional

thermal-mining methods (oil mines at Yarega

a two-horizontal development system) amounts

to 212 arbitrary units, and using intense sub

surface and surface techniques the cost of bi

tumen recovery is 80 arbitrary units. This is

markedly lower in cost than bitumen recovery by
in situ combustion where the cost is

130 arbitrary units. The cost of the Podlesnoye

oil sands by borehole hydraulic methods is es

timated at 85 arbitrary units.

The data obtained indicate competitive untradi-

tional and conventional recovery methods in the

petroleum industry ofTatarstan.

The authors conclude that the integrated ap

proach of oil sands processing is necessary for

bitumen recovery by open pits, adits and bore

hole hydraulic processes. The bitumen pro

duced by one of the above mentioned ways will

be extracted from oil sands in surface-based

units. Depending on the physical-chemical

properties, bitumen extraction can be performed

using the following techniques:

Extraction by water solutions of surfac

tants

Extraction by organic solvents

Thermal processing of oil sands

Combined methods

All these technologies have been tested for dif

ferent oil sands in the laboratory and commer

cial-pilot operations in the Republic ofTatarstan.

When employing integrated oil sands process

ing, one of the uses is their application as road-

making materials without bitumen extraction.
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Tatarstan has gained some experience in this

direction.

The above analysis of the untraditional devel

opment methods of oil sands indicates that inte

grated organic-mineral feedstock is the future,

say Starshov et al. The major strategic conclu

sion is that only integrated processing of oil

sands, overburden and fine tails and bitumen

themselves with the construction of producing

and processing complexes in the same region

will allow the Tatarstan petroleum industry to be

economically efficient.

DEVELOPMENT OF BEMOLANGA TAR

SANDS WILL NOT BE CONSTRAINED BY

ENVIRONMENTAL PROBLEMS

The Bemolanga tar sands field is located in the

Southern part of Madagascar in the Province of

Toliary. The area is marked by intense drought,
advanced deforestation and by general poverty.
Development of this natural resource has to

take into account the global context and inte

grate some specific parameters in the particular

case of the project. Environmental constraints,

the triptych of development (interdependence of

agriculture, industry and infrastructure) as well

as financial constraints, present challenges and

complexity at the project management level.

E. Raveloson, of University d'Antananarivo,

Ampasampito, Madagascar, et al. discussed this

issue at the Seventh UNITAR International

Conference on Heavy Crude and Tar Sands

held in Beijing, China, last October.

The Bemolanga TarSands Project

The short-term goal of the project is the produc

tion of 15,000 barrels per day of petroleum

products to secure a national energy supply for

Madagascar. The long-term goal is to export

these products.

Madagascar's proven and probable reserves

total 595 million tonnes tar sands, with

367 million tonnes extractable by open-pit min

ing. The country's possible and potential re

serves are estimated at 416 million tonnes of tar

sand.

Between 1979 and 1992 feasibility and process

development studies have been undertaken.

The Lurgi-Ruhrgas process, Taciuk-Umatak

process and RTR Solvent process have been

evaluated as the main extraction process. Ca

pacities of 10,000 to 25,000 and 50,000 tons per

day of tar sand have been evaluated. In 1982

the cost to build a 50,000-ton per day (or

15,000-barrel per day) plant was estimated at

$1 billion.

A proper solution for the Bemolanga tar sands

development should be compatible with the

general pattern of the Malagasy economic de

velopment on behalf of free trade and with re

spect to the environment. The Bemolanga proj

ect management must respond to the equilib

rium solicited between the constraints of

environment and the practical aspect of the

economic development of the South of Mada

gascar.

With this in mind the authors propose the fol

lowing technical recommendations:

Decrease the investment cost which

reached $1 billion (15,000-barrel per day
oil production).

e As a consequence, reduce the capacity
and the size ofthe project.

Develop the size of the factory progres

sively by modular units.

e A detailed study based on a 3,000-barrel

per day unit on skid with a thermal proc

ess is needed.

e Decrease the exploitation costs which

will mean: a simple and small open-pit

mine. Transportation which will aim es

sentially at local moving and which will

not need a heavy infrastructure. The in

vestment in infrastructure, greatly
pe-
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nalizing for the Bemolanga project, will

then be partly avoided.

The fleet which will be utilized for prod

ucts transportation will be medium size

trucks. They could be adapted on their

way back to deliver coal stocks from the

Sakoa field to aid the energy balance of

the process.

This complement of energy from Sakoa

field could be an acceptable solution for

the Province of Toliary. Effectively, this

coal field will play a determining role not

only for the Bemolanga project but

mainly for fighting against the intensive

local deforestation. Then firewood

should be prohibited for domestic use.

The authors conclude that the Bemolanga tar

sands project could find a viable and credible

solution inside a program of integrated devel

opment. The program will result in a structured

policy of environmental protection as well as a

free trade system, at the national level.
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PROJECT ACTIVITIES

TEMPORARY SALE OF GREAT PLAINS

SYNFUELS PLANTWILL ALLOW CLAIMING

OF TAX CREDITS

Dakota Gasification Company (DGC) has con

ceived an innovative way to help the company's

cash flow problems when above-market-price

sales agreements expire for the synthetic natu

ral gas produced at the Great Plains plant.

When Basin Electric purchased the synfuels

plant from the United States Federal Govern

ment in 1988, the cooperative agreed to waive

the production tax credits that were available

under Section 29 of the Internal Revenue Serv

ice Code. This past fall the company ap

proached the federal government about using

production tax credits for the 4-year period re

maining until that law expires. The federal gov

ernment agreed to let Dakota Gasification use

the tax credits but required that the proceeds

only be used to finance two projects, the carbon

dioxide pipeline project (see separate article in

this issue) and an emissions reduction project.

The agreement also has a repayment provision

that would return all of the money lost to the

US Treasury back to the federal government if

the project is profitable in the future.

In order to realize an economic gain from the

production tax credits, DGC must sell the synfu

els plant to a separate company that can effec

tively use the tax credits. However, DGC Gasi

fication will continue to operate the plant as the

operating agent of the investing company. In

4 years DGC will have an option to repurchase

the plant at its fairmarket value.

DGC has been ordered to pay $162,500 in pen

alties to the North Dakota Department of Health

under a consent agreement for non-compliance

with state air quality requirements.

Overall, the agreement could cost DGC as

much as $35 million before the year 2003.

In addition to the immediate $162,500 penalty,

the company has also agreed to commit about a

half million dollars to reduce odors at the plant.

An additional $650,000 in penalties was sus

pended and will be dismissed if the plant is

brought into compliance by 2003.

Specifically, DGC was cited for failing to meet

emission limits for particulate matter, opacity,

sulfur dioxide, nitrogen oxide and odors.

The plant has already begun a series of tests in

efforts to reduce odors emanating from the

plant'swater supplies.

To bring the sulfur dioxide emissions into com

pliance, plans are to install a wet electrostatic

precipitator.

The nitrogen dioxide problems have been

solved. Equipment installed earlier to reduce

NOx emissionswas not assembled correctly.

If the plant remains in compliance each quarter,

the health department's agreement with DGC

allows for the remaining fines to be dismissed

on a quarterly basis.

PIPELINE CONSTRUCTION UNDERWAY TO

MOVE GREAT PLAINS COz TO CANADA

Construction is under way on a 205-mile pipe

line to move carbon dioxide from Dakota Gasifi

cation Company's Great Plains coal gasification

plant to a Canadian oil field.

Ever since the inception of the Great Plains

project, there has been discussion of the possi

bility of marketing carbon dioxide as a byprod

uct. Large volumes of carbon dioxide can be

recovered from the Rectisol offgas as a rela

tively pure stream. The only market for CO2
which could absorb volumes of the magnitude

available at Great Plains is the enhanced oil

recovery market.
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In 1997 Dakota Gasification Company signed a

contract to sell CO2 to PanCanadian Petroleum

of Canada. The $110-million pipeline, to be

completed by the end of 1999, terminates at an
oil field near Weybum, Saskatchewan, Canada
(see Figure 1).

Great Plains revenues from CO2 sales are ex

pected to be $35 million per year. PanCanadian

has contracted to take about 95 million standard

cubic feet per daysomewhat less than

50 percent of the maximum available
starting

in December 1999. The pipeline passes major

oil fields of theWilliston Basin (Figure 1).

The pipeline route runs west of the plant to a

point near Dunn Center, about 35 miles north

east of Dickinson, and then will snake northwest

around the Killdeer Mountains and beneath the

Little Missouri River and Lake Sakakawea. The

pipeline will enter Canada at the Divide County
line, just north of Crosby.

The pipe from the synfuels plant to Tioga will be

14-inch, and from Tioga to Weybum will be

12-inch.

The project also involves building two compres

sor stations, a main compressor station at the

Great Plains plant and an electric booster near

Tioga.

PanCanadian Petroleum will use the CO2 for

enhanced oil recovery at the 40-year old Wey
bum oil field. The company says that injecting
CO2 will allow it to recover an additional

122 million barrels of oil from the field.

FIGURE 1

CARBON DIOXIDE PIPELINE ROUTE
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In the year 2000, CO2 sales are expected to ac

count for 15 percent of total gross income for

Great Plains. Synthetic natural gas, the sole

product for which the plant was originally de

signed, will become a minor component of the

total income stream (Figure 2).

FIRST COMMERCIAL BURN OF K-FUEL

CALLED A SUCCESS BY KFx

In March KFx Inc. announced that the first

commercial test bum of its patented K-Fuel has

been successfully completed. Approximately

12,000 tons of K-Fuel was burned at Indiana-

Kentucky Electric Corporation's Clifty Creek

generating station in Southern Indiana. A fuel

blend of approximately 60 percent K-Fuel, with

the balance consisting of a blend of high-BTU,
high- and low-sulfur Eastern coals was used to

replace low-BTU, low-sulfur Powder River Basin

coal in one of the station's boiler units. Accord

ing to KFx, initial results of the test bum indicate

that K-Fuel produced:

e A reduction in NOx emissions while

maintaining full load.

e No unusual slagging or fouling of the

boiler.

FIGURE 2

GREAT PLAINS GROSS INCOME PROJECTIONS

250

200

c

o

I 150

E

8

f 100

50

O

Carbon Dioxide

Naphtha

Krypton/Xenon-

Liquid Litrogen

presylicAcid

Phenol

Ammonium Sulfate-

Anhydrous Ammonia

Settlement

SNG Transportation

Synthetic Natural Gas

1994 2000

THE SYNTHETIC FUELS REPORT, APRIL 1999

80



 



COAL

A reduction in the fuel pulverizing opera

tions.

e No spontaneous combustion.

An improvement in boiler efficiency.

KFx noted that the improved efficiency factor

reduces environmental emissions while the

added capacity increases power
companies'

revenues. Thus the overall benefit of K-Fuel

may be significant in view of its ancillary bene

fits; the deregulation of the domestic power in

dustry; and implementation of the Clean Air Act.

Indiana-Kentucky Electric has requested addi

tional unit-train shipments of K-Fuel. KFx's next

immediate challenge is to work with Thermo

Ecotek, the operator and 95 percent owner of

the K-Fuel plant, to optimize production from

the plant in Gillette, Wyoming.

The results from this commercial-scale bum at

Clifty Creek generally confirm the results of the

test bum performed by the Southern Research

Institute in June 1998. It was expected that

K-Fuel would produce a reduction in SO2 and

CO2 emissions but the plant instrumentation

precluded clear quantification. Additional bums

at Clifty Creek are expected to clarify these

benefits. The handling characteristics of K-Fuel

were said to be acceptable with proper use of

the power station's existing dust suppressant

system. KFx is working to improve the handling
characteristics of K-Fuel.

Kennecott Energy and Coal Company has part

nered with KFx for the further development of

K-Fuel on a worldwide basis. Using heat and

pressure, the K-Fuel process physically and

chemically transforms high-moisture, low-

energy coal feedstock into low-moisture, high-

energy, solid clean fuel for use in utility and in

dustrial boilers.

MITSUI BABCOCK ENERGY DEVELOPING

AIR BLOWN GASIFICATION CYCLE

A new publication from the United Kingdom's

Cleaner Coal Technology Program describes

current efforts under way at Mitsui Babcock En

ergy Limited (MBEL) to further the development

of the Air Blown Gasification Cycle (ABGC)

originally conceived and developed by British

Coal Corporation.

The ABGC is a hybrid combined-cycle power

generation technology, based on the partial

gasification of coal. The fuel gas produced is

combusted in a gas turbine while the residual

char is combusted in a Circulating Fluidized-Bed

Combustor (CFBC) to raise steam to drive a

steam turbine. The ABGC offers the potential of

high cycle efficiencies combined with low envi

ronmental emissions.

ALSTOM, Scottish Power pic and MBEL are

currently collaborating to produce an advanced

ABGC design for a demonstration plant. The

initial phase of this work is being supported by
the European Commission's THERMIE pro

gram. Kincardine Power Station in Scotland has

been identified as a potential host site for an

approximate 100-megawatt-electric ABGC

demonstration plant, based on ALSTOM's

Frame 6B gas turbine. However, the economic

case for the demonstration plant is improved by

increasing its scale to approximate

ly 150 megawatts-electric, using a more ad

vanced gas turbine, such as ALSTOM's

Frame 6FA.

The current project, aimed at developing further

the gasifier island of the ABGC, runs from

July 1998 to March 2000.

An appraisal will be carried out of the suitability

and availability of various fuels for the ABGC

and competing technologies such as integrated

gasification combined-cycles, pulverized-fuel

and CFBC plants. The impact of fuel composi-
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tion and cycle configuration on the cycle effi

ciencies of these technologies will also be

quantified.

Gasifier Scale-Up and Design

Gasifier designs (see Figure 1) will be devel

oped for 100-megawatt-electric, 150-megawatt-

electric and 500-megawatt-electric ABGC

plants, and performance predictions will be

made. Aspects of the detailed engineering will

be addressed, such as coal handling at pres

sure, char cooling, pressure let-down and bed-

temperature control.

FIGURE 1
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A dynamic model will be developed to study the

effect of load changes and other cycle perturba

tions and to develop a gasifier control strategy.

Other aspects of gasifier control, such as low-

load performance, start-up, shut-down and re

start from hot, will also be investigated.

Also, an availability model of the ABGC will be

constructed to investigate the trade-off between

capital cost and availability, and to examine the

impact of equipment redundancy on plant avail

ability and economics.

THERMOCHEM PULSED-COMBUSTOR

PROJECT REVIVED

In September the United States Department of

Energy approved the revision of ThermoChem

Inc's Clean Coal Technology Round IV Coop
erative Agreement for a scaled-down, 16-month

project titled "Pulse Combustor Design Qualifi

cation
Test."

The project initially proposed was

a commercial demonstration facility that would

employ 10 identical 253-tube resonance pulse

combustion units. After fabrication of the first

combustor unit, the project went through a re

structuring. The revised project will instead

demonstrate the operational readiness of a sin

gle combustor unit. All project testing will be

performed at the Manufacturing and Technology
Conversion International Inc. (MTCI) test facility
in Baltimore, Maryland.

The project will demonstrate MTCI's fluidized-

bed gasifier concept (Figure 1), which incorpo

rates an indirect heating process for steam

gasification of coal to produce hydrogen-rich,

clean, medium-BTU fuel gas without the need

for an oxygen plant. Multiple resonance tube

pulse combustor tubes are immersed in the flu

idized bed of the steam gasification reactor.

Pulse combustion increases the heat transfer

rate by a factor of 3 to 5, thus greatly reducing

the heat transfer area required in the gasifier.

Demonstrating the existing resonance tube

pulse combustor is essential to commercializing

the technology, and this scaled-up, 253-tube

combustor is 3.5 times larger than any previ

ously operated by ThermoChem.

The project will demonstrate operation of the

pulse combustor with natural gas as the fuel. A

key item in the program is verification of the

scale-up criteria used in designing the 253-tube
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FIGURE 1
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combustor. A smaller, existing Process Data

Unit (PDU) for testing the pulse combustion

technology will be employed to gasify coal to

provide fuel-gas data, including energy content,
species concentration and yield. This PDU will

also provide data on char produced by the proc

ess.

Total estimated cost of the project is

$8.6 million, with United States Department of

Energy cost-sharing 50 percent.

GENEVA STEEL BANKRUPT, THROWING

CPICOR PROJECT IN DOUBT

The Clean Power from Integrated Coal/Ore Re

duction (CPICOR) Clean Coal Technology proj

ect being conducted at the Geneva Steel facility
in Vineyard, Utah, recently changed the tech

nology it planned to demonstrate for direct

ironmaking. With United States Department of

Energy's (DOE) concurrence, the CPICOR

Management Company changed the primary

direct ironmaking vendor from Voest Alpine In-

dustrienlagenbau, owner of COREX technology,

to Rio Tinto Group of Australia, owner of HIs-

melt technology. The switch to Hlsmelt tech

nology meant a large oxygen plant and com

bined-cycle technology were no longer included

in the project. The Hlsmelt Process is currently

being operated at a 100,000-metric ton per year

plant near Perth, Australia. The Hlsmelt Proc

ess is completely cokeless and will operate on a

large variety of coals and ores. The CPICOR

demonstration intended to produce 3,000 metric

tons per day of liquid iron for direct steelmaking

and approximately 170 megawatts-electric of
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byproduct power. Project completion

scheduled for December 2004.

was

At the beginning of February 1999, Geneva

Steel, hurt by cheap imported steel, filed for

Chapter 1 1 bankruptcy reorganization. Geneva

said it was trying to set up a debtor-in-

possession credit arrangement that will allow it

to keep operating and keep paying vendors.

According to a DOE official quoted in Coal Out

look, Geneva's bankruptcy would not necessar

ily hurt the timing for implementing the Hlsmelt
project.

GLOBAL ENERGY TO BUILD 400-MW IGCC

UNIT IN KENTUCKY

The State of Kentucky announced in February
that Global Energy of Scotland would build a

400-megawatt Integrated Gasification Com

bined-Cycle (IGCC) powerplant at the Kentucky
Pioneer Environmental Energy Park in Trapp,
Kentucky; The project will use Global Energy's

Advanced Fuel Technology briquettes com

posed of coal and municipal waste. The tech

nology has been developed using the British

Gas/Lurgi gasifier at Westfield, Scotland, now
owned by Global Energy.

According to a Global Energy release, the low

feedstock costs will result in a cost of electricity
lower than that of a natural gas-fired, combined-

cycle gas turbine. The IGCC project will be

Global Energy's first in the United States and

largest to date internationally.

This facility would be located at East Kentucky
Power Co-Op's Smith site in Clark County.

The syngas will be used for both power genera

tion and as a feedstock for clean-buming diesel

fuel.

Global hopes to start construction in early 2000.

A 33-month construction schedule is projected.

The plant would produce 400 megawatts of

electricity and 6,000 barrels per day of diesel

fuel. The municipal waste and coal would be

briquetted together, either at the plant site or at

a remote location.

Kentucky Pioneer would be the first strictly
commercial IGCC facility in the country.

CLEAN ENERGY PARTNERS IGCC

PROJECT MAY MOVE TO ILLINOIS

LOCATION

Clean Energy Partners (CEP), a joint-venture

involving Duke Energy and General Electric, is

considering moving the site of its proposed

260-megawatt demonstration plant from a loca

tion near St. Louis, Missouri, (see The Sinor

Synthetic Fuels Report, January 1999,
page 4-3) to Ameren's Grand Tower Plant in

Jackson County, Illinois.

The project will use Global Energy's British

Gas/Lurgi gasification technology. This facility

originally was to have been built in the

early 1990s but the partners were unable to se

cure a contract for sale of the power.

CEP is completing the due diligence for a

260-megawatt-electric Integrated Gasification

Combined-Cycle (IGCC) plant with an option on

a second train on the same site. CEP has

formed a site-specific project team that includes

the new host. The United States Department of

Energy is reviewing the various options for

resiting this project.

LIQUID PHASE METHANOL PROJECT

MARKS PROGRESS

Operating results from Air Products company's

Liquid Phase Methanol (LPMEOH) Demonstra

tion Project in Kingsport, Tennessee, during
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1998 showed several significant accomplish

ments. The design catalyst loading in the

LPMEOH reactor has been exceeded without

indications of mass transfer limitations. Since

restarting with fresh catalyst in December 1997,
the demonstration facility has operated at

greater than 99 percent availability, including
two record-setting periods of uninterrupted op
eration65 days through April 1998 and

94 days through October 1998. The production

rate has reached 77,000 gallons per day.

Catalyst life has met or exceeded the design

target for operation in the environment of trace

poisons present in coal-derived synthesis gas.

Process variable studies are ongoing to maxi

mize the reactor volumetric productivity and

determine the long-term catalyst performance.

Since startup the demonstration facility has pro
duced over 29 million gallons of methanol, all of

which have been accepted by Eastman Chemi

cal Company for use in downstream chemical

processes.

During a 4-year operating program, the goals of

the LPMEOH Process Demonstration Project

are to meet or exceed the design production

capacity of 260 tons per day of methanol, and to

simulate operation for the Integrated Gasifica

tion Combined-Cycle (IGCC) coproduction of

power and methanol.

IGCC Coproduction

The LPMEOH process is an effective technol

ogy for converting a portion of an IGCC electric

powerplant's coal-derived syngas to methanol.

The process can be designed to operate in a

continuous, baseload manner, converting syn

gas from oversized gasifiers or from a spare

gasifier. Alternatively, the process can be de

signed to operate only during periods of off-peak

electric power demand, consuming a portion of

the excess syngas and reducing the electricity

output from the combined-cycle power unit. In

this scenario, the gasification unit continues to

operate at full baseload capacity, so that the

IGCC facility's major capital asset is always fully
utilized. In either case, partial conversion of

between 20 and 33 percent of the IGCC plant's

syngas is optimal and conversion of up to

50 percent is feasible.

In its simplest configuration, syngas at maxi

mum available pressure from the IGCC electric

powerplant passes once-through the LPMEOH

plant and is partially converted to methanol

without recycle, water-gas shift or CO2 removal.

The unreacted gas is returned to the IGCC pow

erplant's combustion turbines.

For a given gasification plant size, the IGCC

coproduction plant can be designed to accom

modate a range of methanol-to-power output

ratios. For example, a gasification plant, with

two gasifiers of 1,735 million BTU (high-heating

value) per hour output each, could be sized for

baseload power output of 426 megawatts of

electricity and for baseload methanol coproduc

tion of 500 tons per day.

HIGH TEMPERATUREWINKLER LEADS TO

UHDE PRECON PROCESS FORWASTE

GASIFICATION

In the mid-1970s Rheinbraun embarked on the

development of the High Temperature Winkler

(HTW) coal gasification process. The HTW

process constitutes a further development of the

Winkler fluidized-bed gasification technology

originally working at ambient pressure. The de

velopment work was first focused on the pro

duction of chemical synthesis gases from lignite.

In the mid-1980s the process was further devel

oped for use in Integrated Gasification Com

bined-Cycle (IGCC) plants.

The history of the HTW process was reviewed

by W. Renzenbrink et al. at the Pittsburgh Coal

Conference last fall. The total development

costs have amounted to nearly DM 1 billion.

Development ofthe HTW Process

After having completed the investigations in a

pilot plant, Rheinbraun started in early 1986 the

25-ton per hour HTW demonstration plant at

Berrenrath near Cologne, Germany.
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The diameter of the fluidized-bed gasifier was

2.75 meters.

Twelve years of plant operation were accompa

nied by intensive measuring programs and con

tinuous optimizing efforts. Since 1989 the HTW

demonstration plant had been integrated into

the commercial-scale production network of

DEA's methanol synthesis plant.

The availability averaged 84 percent in the last

10 operating years (Figure 1). This result was

achieved without the otherwise usual redundan

cies of a production plant or a powerplant.

FIGURE 1

AVAILABILITYOFTHE HTW

DEMONSTRATION PLANT

100%

SOURCE: RENZENBRJNKETAJL

Feedstock

In order to demonstrate the further application

potential of the HTW process, different types of

feedstock, for example plastics waste,
bio-

masses, household refuse and sewage sludge,

were used and recycled in the gasifier of the

HTW demonstration plant together with dry lig
nite in the last few years. The maximum hourly

admixing rate was 10 tonnes, or up to

50 percent of the energy input. Under these

conditions, it was also possible to successfully

operate solids feeding, gasification and gas

cleaning. Thus, the HTW process is capable of

efficiently converting a broad range of feedstock

into fuel or synthesis gas, say Renzenbrink et al.

The Uhde company markets the HTW process

for gasification of waste materials worldwide

under the name ofthe Uhde PreCon process.

Gasification

In the last 10 years, the development work on

HTW gasification centered around the following:

e Increase in the gasification pressure to

the required gas turbine inlet pressures

for IGCC plants without intermediate

compression.

e Increase in the specific gasifier output in

order to meet the fuel-gas requirements

of large, modem gas turbines with one

line.

e Development of a process that

depending upon its field of application

can be operated with air or oxygen.

During a total of 10,000 operating hours, at

pressures of up to 25 bar and an hourly coal

throughput of up to 7 tonnes, gasification was

tested with both oxygen/steam and air as gasifi

cation agents.

On the basis of the performance data for the

gasifier, HTW gasifiers are available now for the

following capacity units:

e 600-megawatt (gross) in the case of

gasification by means of 02/steam for

IGCC

e 400-megawatt (gross) in the case of

gasification by means of air

e 2,400-tonne per day methanol unit
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RawGas Cooling

Raw gas cooling is a key component of all gasi

fication processes and concepts. Since 1994

two alternative cooler concepts have been

tested. In 1994 Rheinbraun started testing a

water-tube cooler, with the fouling behavior, in

particular, being studied thoroughly. The water-

tube cooler allows superheated steam to be

produced and thus to make the overall process

of an IGCC plant especially efficient. Figure 2

shows the design of the cooler, which operated

formore than 23,000 hours.

than a water-tube cooler, could be reduced by
means of larger tube diameters, cooled tube

inlets and a stepped-up superficial gas velocity.

According to Renzenbrink et al., both the water-

tube cooler and the fire-tube cooler allowed

good results to be achieved. The technology to

be employed in the future will depend on the

process engineering requirements:

High pressures and supercritical steam

conditions in IGCC applications suggest

the use ofthe water-tube cooler.

FIGURE 2
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SOURCE: RENZENBRINKETAL.
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In early 1997 complementary investigations into

fire-tube cooler technology were carried out in

the HTW demonstration plant. The object was

to test whether the fouling of the fire-tube

cooler, which in cost terms is more favorable

e In the case of steam pressures of be

low 150 bar the fire-tube cooler technol

ogy is recommended for cost reasons.

Current Status

The use of the HTW process in commercial

plants will be determined by future market con

ditions. In view of the present world market

price of methanol, its production from lignite or

other solid fuels is not economical. Today there

is not yet any indication that a German utility will

decide to bear the costs and accept the risks

that are connected with an IGCC demonstration

plant.

After 67,000 operating hours, the HTW demon

stration plant was shut down in late 1997. A

total of approximately 1 .6 million tonnes of dry
lignite was processed into synthesis gas which

served to produce 800,000 tonnes of methanol.

After 20 years of intensive testing, the devel

opment ofthe HTW process is finished.

CORPORATIONS

SGI AND MITSUBISHI FORM JOINT

VENTURE TO PROMOTE LFC

TECHNOLOGY

SGI International announced in January that it

has executed agreements to form LFC Tech-
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nologies LLC, a limited liability company (the

Company), with MLFC Corporation, a subsidiary
of Mitsubishi Corporation. The Company's pri

mary objective will be developing Liquids From

Coal (LFC) projects and marketing LFC prod

ucts worldwide. Mitsubishi Corporation and SGI

will share the cost of operating the new Com

pany.

SGI will provide personnel to the Company for

engineering, technology and product marketing

in the United States as well as LFC project de

velopment.

SGI will continue to own the LFC patents and

intellectual property until the occurrence of cer

tain milestones. At that time, SGI will transfer

its LFC patents to a new operating company,

which will be formed by SGI and Mitsubishi

Corporation, and Mitsubishi will then make a

predetermined payment to SGI through its sub

sidiary MLFC.

Mitsubishi will provide engineering and technol

ogy to reduce the cost of LFC plant equipment

and market the LFC technology and products

outside the United States.

In particular, Mitsubishi has proprietary
circular-

grate technology that could benefit the process.

Roanoke Rapids, North Carolina

Tarentum, Pennsylvania

Each plant can produce up to 250,000 tons per

year of product. The primary markets for E-Fuel

are industrial facilities that bum coal. Duquesne

Light said the award recognizes E-Fuel's contri

butions to "the environment and
industry."

CQ Inc. and its cosponsor, the Indiana Univer

sity of Pennsylvania, first demonstrated the
full-

scale commercial production, process econom

ics and boiler performance of briquetted E-Fuel.

This demonstration involved the design and in

stallation of a one-half-ton per hour briquetting

facility, and the manufacture and production of

approximately 20 tons of E-Fuel briquettes.

The first major contract implementing this prod

uct was established with Westvaco Corporation

in Tyrone, Pennsylvania, in 1995.

In 1997 Duquesne Energy Inc., an affiliate of

DQE Inc., built the first plant capable of pro

ducing up to 250,000 tons of E-Fuel per year in

Tarentum.

The use of E-Fuel reduces S02 and NOx emis

sions by up to 25 percent in comparison to coal.

E-FUEL RECEIVES BOILER ASSOCIATION

AWARD

Duquesne Energy's E-Fuel coal product recently

received a public service award from the Ameri

can Boiler Manufacturers Association.

E-Fuel is a pelletized product composed of coal

and paper/plastic waste material. Within the

last 2 years Duquesne has built six plants to

produce E-Fuel. They are located at:

Cincinnati, Ohio

Florence, South Carolina

Evansville, Indiana

Richmond, Virginia

ECONOMICS

DIRECT LIQUEFACTION COPROCESSING IN

HTI PROCESS PRODUCES OIL AT

$14/BARREL

A. Comolli et al. of Hydrocarbon Technologies

Inc. (HTI) discussed the direct liquefaction of a

variety of feedstocks at the
217th

American

Chemical Society National Meeting held in Ana

heim, California, in March.

HTI and the United States Department of En

ergy (DOE) have been working on the applica

tion of the Direct Liquefaction Process to the

conversion of various low-cost, carbon-based
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feedstocks. Under a current DOE contract, HTI

has developed waste plastics/coal coprocessing

technology to produce fuels that can be pro

duced at a cost comparable to crude oil.

Direct liquefaction involves the addition of hy
drogen to unsaturated hydrocarbons, followed

by rearrangement, cracking of bulky molecules,

and removal of heteroatoms to produce lighter

and cleaner transportation fuels (gasoline, diesel

and jet) and specialty chemicals and carbon-

based products. In the process, the sulfur and

nitrogen are removed by reduction and conver

sion to sulfur and ammonia.

Results

Throughout the coliquefaction programs at HTI,
various feedstocks have been examined for

conversion to either fuels or chemicals utilizing

both subbituminous and bituminous coal and

heavy California (Hondo) oils. Each of the con

tinuous bench-scale test runs described herein

used a proprietary dispersed iron catalyst called

GelCat.

An innovative process for addition of inexpen

sive hydrocarbons from Municipal Solid Waste

(MSW) into the coal/waste liquefaction and

heavy-oil/waste liquefaction processes should

make these processes highly economic and, at

the same time, alleviate the costly MSW dis

posal problem and help reduce carbon emis

sions through the use of renewables. A simplifi

cation of a process now under development at

HTI is shown in Figure 1 .

Table 1 shows the operating parameters for the

oil, plastics, coal combinations tested. As can

be seen, feed conversions vary from 96 to

99.9 weight percent moisture and ash free. The

addition of waste plastics shows an increase in

residuum conversion and distillate yield. Waste

curbside plastics improve performance and also

decrease hydrogen consumption due to the

higher hydrogen content of the plastics versus

the oil and coal feedstocks. Additionally, the

addition of plastics controls the manufacture of

undesirable light C1-C3 gas yields. Thus, the

addition of plastic redirects hydrogen to the pro

duction of valuable liquids rather than gases.

The overhead products are also of excellent

quality with high API to 50 and H/C atomic ratios

close to 2.0, and nitrogen and sulfur contents

below 15 parts per million sulfur and 1 ppm ni

trogen.

Table 2 shows a comparison of the performance

of five run conditions, from the coprocessing of

auto shredder residue and pyrolysis oil.

Coprocessing of Black Thunder coal, Hondo oil,

FIGURE 1
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TABLE 1

PERFORMANCE COMPARISON - YIELDS

Coal/Oil/ Oil/

on Coal/Oil Plastics Plastics

Feed Composition, wt.%

Coal, Black Thunder 0 50 33.3 0

Plastic, Curbside 0 0 33.3 50

Oil, Hondo Resid 100 50 33.3 50

Space Velocity,
kg/hr/m3

rxn stage 1,060 870 980 1,250

Reactor Temperature, C

First Stage 441 442 449 451

Second Stage 451 450 459 460

Process Performance, wt.% maf feed

Feed Conversion 99.9 96.1 96.7 99.7

C4-524C Distillate Yield 76.0 69.7 73.9 76.2

524C+ Conversion 83.3 82.7 83.7 84.0

Hydrogen Consumption 1.72 4.21 3.17 1.35

CrC3 Gas Yield 5.00 7.37 5.31 4.31

and Auto Shredder Residue (ASR) resulted in

83.6 weight percent resid conversion and

66.8 weight percent distillate yield. A dramatic

drop in both resid conversion and distillate yield

was observed when Hondo oil was removed

from the mixture of coal and ASR (PB-04-4). In

Run PB-04-5, 25 weight percent of plastics was

added to the coal and ASR mixture, and the

distillate yield was increased from 56.6 to

61 .4 weight percent, while 524C+ resid conver

sion was increased proportionally, from 72.4 to

77.2 weight percent. Also, it is observed that

addition of plastics has a significant impact on

hydrogen production, but also reduces hydrogen

consumption by about 2 weight percent. Eco

nomic analysis showed that by adding plastics

to coal/ASR feedstock, the equivalent crude oil

required price dropped by $6 per barrel.

It was concluded that auto-fluff was not as ef

fective as the MSW plastics in improving the

coal hydroconversion process performance.

Pyrolysis oil derived from curbside plastics was

coprocessed with Hondo and coal as seen in

Table 2 with similar results as for the Coal/ASR

(PB-04-4) with a slight decrease in hydrogen

consumption. Run PB-06-4, a mixture of Hondo

oil, pyrolysis oil and coal, was operated at

higher space velocity. Thus, resid conversion

decreased; however, this was compensated for

by a decrease in light gas yield and hydrogen

consumption.

The resulting increase in the heating valve of

the clean solid fuel produced from MSW and the

demonstrated conversion of lignin via hy
drocracking justify examination of these feed

stocks combined with coal, oil and other waste

feedstocks, say Comolli et al.

Economics

A techno-economic analysis for a site-specific

waste/coal Direct Liquefaction plant at
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TABLE 2

PERFORMANCE OF COAL/WASTE COPROCESSING USING GELCAT

Run ID PB-04-03 PB-04-4 PB-04-5 PB-06-3 PB-06-4

Feed Compositionwt.% Coal/Oil/ASR Coal/ASR Coal/ASR/PLS Coal/Pyr. Oil Coal/Oil/Pyr.

Coal, Black Thunder 50 75 50 67 45

Hondo Oil 30 28

Plastics 25

ASR 20 25 25

343C+ Pyr. Oil 33 27

Catalyst

FE GelCat 1,000 1,000 1,000 1,000 1,000

Mo 50 50 50 0 0

Space Velocity,
kg/n/m3

602 632 621 655 1,356

Performance, wt.% maf feed

Conversion 94.1 90.5 91.3 91 86

C4-524C Yield 66.8 56.6 61.4 57 54

524C+ Conv. 83.6 72.4 77.2 73 66

C1-C3 GasYield 8.6 6.9 7.8 8.8 3.5

H2 Consumption 5.7 6.0 4.0 5.4 2.2

10,000 barrels per day integrated into an exist

ing refinery with random waste delivered to the

plant shows an average required selling price at

zero acquisition cost with a 15 percent return on

investment of $16 per barrel. With a portion of

the tipping fees included, the price could be less

than $14 per barrel and is cost-effective today
(Figure 2).

FIGURE 2
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NEW PRENFLO IGCC DESIGN OFFERS

52 PERCENT EFFICIENCY AT $1,100 PER

KILOWATT

A presentation by G. Haupt, of Siemens AG

Power Generation Group (KWU), et al. at the

1998 Gasification Technologies Conference

held in San Francisco, California, last October

reports interim results of a comprehensive on

going Integrated Gasification Combined-Cycle

(IGCC) development potential study funded by
the European Commission. First, the status of

the advanced IGCC technology is described.

This IGCC98 concept results in net station effi

ciencies around 52 percent according to the site

conditions prevailing in Denmark, where one of

the world's most modem Pulverized-Coal-Fired

(PCF) powerplants (design efficiency 47 per

cent) is currently under construction. The ad

vanced IGCC station will be equipped with

PRENFLO gasification developed by Krupp and

a Siemens Model V94.3A gas turbine-generator.

According to Haupt et al. the most attractive

features of the IGCC powerplants are the ex

tremely low environmental pollution and their

capability to utilize "dirty
fuels"

such as coal, oil

refinery residues, Orimulsion, biomass and

waste. Moreover, it is to be expected that such

power stations will attain higher efficiencies than

conventional PCF steam powerplants.

The PuertoUano station, the starting point for the

investigations carried out in this study, was de

signed for a net efficiency of 45 percent (based

on so-called standard, i.e., low-ash bituminous

coal). Modem conventional PCF powerplants

attain approximately the same value, and
ultra-

supercritical steam cycles are supposed to

achieve more than 50 percent in the long term.

Therefore, for IGCC technology to demonstrate

an advantage, it is necessary to achieve com

petitiveness with respect to conventional steam

powerplants, i.e., to increase efficiency above

50 percent and to reduce costs.

Status ofthe IGCC98 Powerplant

IGCC technology must be measured against the
most advanced PCF power stations. A plant of

this type with a design efficiency of 47 percent is

currently being commissioned by
ELSAMPROJEKT in Aalborg/Denmark

(Nordjyllandsvaerket). The coal selected for

study is Pittsburgh No. 8, a typical imported

hard coal which can be readily gasified. With a

target efficiency of considerably more than

50 percent, it is assumed that the powerplant

will be operated primarily at base load. The

plant is designed in a single train and has a ca

pacity of roughly 450 megawatts, corresponding

to the gas turbine-generator used. Operation

with natural gas as a secondary fuel is used for

startup.

Figure 1 shows a simplified flowsheet of the

IGCC98 concept. The characteristic elements

of IGCC technology are conversion of the pri

mary fuel, e.g., coal, an open Brayton cycle (gas

turbine) and a closed Rankine cycle (steam tur

bine), with various interactions.

A prerequisite for efficient conversion of coal to

gas is adequate preparation of the coal by mill

ing and drying. Bowl mills are suitable using

nitrogen for drying. The drying circuit is heated

up to about 250C by using Intermediate Pres

sure (IP) steam and a small amount of natural

gas. As a result of cost optimization, Low Pres

sure (LP) steam is not used for heating. The

finished coal dust has a residual moisture con

tent of about 1.2 percent and is transported

pneumatically under High Pressure (HP) in

dense phase flow to the coal feed bin. In this

way, a coal storage and lockhopper system is

not necessary and the height of the gasification

building can be reduced considerably.

The so-called highly integrated IGCC concept

leads to an increased operating pressure for the

Air Separation Unit (ASU). This high pressure

of about 17 bar results in additional power re

quirements to separate oxygen and nitrogen

with the aim to supply both streams dry and with

high purity at high outlet pressures. An accord

ingly improved design of the ASU leads to a

waste nitrogen stream in the range of about

30,000 cubic meters per hour, resulting in a re

duced diluent nitrogen stream, after saturation

with water, to the gas turbine. This measure will

lead to reduced capital investment. A part of

the waste nitrogen stream will be used for inerti-
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FIGURE 1

FLOWSHEETOFTHE IGCC98 POWER PLANT

Coal

Rue Gat

SOURCE: HAUPTETAL.

zation of the coal drying loop with the result that
nitrogen recovery items in the coal system are

not necessary.

In the PRENFLO gasifier, the coal is converted

with oxygen (purity 95 percent volume) and IP

steam to a combustible gas. The PRENFLO

gasifier forms an integrated system with the HP

convection boiler, i.e., the two items of equip

ment have a common pressure container and

are linked to each other functionally and struc

turally. The PRENFLO gasifier works at a pres

sure of 29 bar and a reaction temperature above

the slag melting point. Almost 90 percent of the

ash is removed as slag.

Residence time of the gas is only a few sec

onds. Raw gas leaves the gasifier at a tem

perature of around 1,300C at the top of the

gasifierwhere it is quenched with recycled cold

dedusted gas (quench gas) to a temperature of

approximately 900C before entering the cooling

zone.

The sensible heat of the raw gas which can be

utilized corresponds to approximately ^per

cent of the introduced coal energy (Low Heating
Value [LHV] and is mainly used for HP steam

generation (7 percent) and for reheating the

clean syngas (3 percent) in a raw gas/clean gas

heat exchanger (RCHEX). About 2 percent of

the coal energy is used for the generation of IP

steam. In the HP convection boiler, HP steam

with a pressure of about 180 bar is generated.

In both heat exchangers, high heat flux densities

can be achieved, due to the high system pres

sure on the raw gas side and relatively high

mean temperature differences, which results in

high heat flow. This leads to compact and eco

nomic units.
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Fly ash is removed in two steps, in a cyclone

and in a candle filter. Coarse ash with a high

carbon content removed in the cyclone is recy
cled to the gasifier and converted to environ

mentally acceptable slag.

Using the dry dedusting system, an increase in

net efficiency of 0.45 percent points is achieved

compared with the wet dedusting system.

Compared to previous concepts, the improved

ASU design mentioned above results in a re

duced diluent nitrogen stream to be admixed to

the clean gas stream, as a small part of the

N2 fraction is used for cooling purposes inside

the ASU. The mass flow of the remaining dilu

ent nitrogen stream, however, is sufficient to

ensure balanced mass conditions in a highly
integrated IGCC concept between compressor

and turbine of a standard gas turbine-generator

usually designed for natural gas operation.

Heat recovered from the hot air extracted down

stream of the gas turbine compressor is sup

plied to the combined cycle by saturating and

heating the diluent nitrogen and is equivalent to

about 3.4 percent of the coal input energy

(LHV).

NOx Emissions Reduction

The IGCC98 concept clearly aims at a low NOx
emissions level to emphasize the environmental

advantage of IGCC powerplants. Therefore, the

target value for this study was fixed at 20 parts

per million or about half of the present German

legal limit.

Developing highly efficient gas turbine-

generators is usually coupled with the realization

ofmaximum possible turbine inlet temperatures.

This means increasingly higher flame tempera

tureswhich cause extensive formation of NOx.

Primary measures aim at preventing NOx for

mation by diluting the fuel gas, thus dampening
temperature peaks which are the main cause of

thermal NOx. Other than admixing diluent N2,
common methods for dilution include humidifi-

cation with water or direct steam injection.

The IGCC98 concept combines saturation of

both clean gas and diluent nitrogen as well as a

catalytic DENOX unit in the flue gas path

(Selective Catalytic Reduction, SCR).

Heat Recovery Steam Generator

The previous concept included common IP and

HP drum systems for the raw gas cooler and

gas turbine Heat Recovery Steam Generator

(HRSG). This would require both plant compo

nents to be located close together and result in

a close link during operation.

Because there is no LP steam generation in the

HRSG, all LP steam required in the gas island is

provided by extraction from the IP turbine sec

tion. Make-up water for both saturation systems

is preheated in the low temperature section of

the HRSG in a separate heat exchanger.

Performance ofthe IGCC98 Powerplant

Table 1 gives an overview of significant plant

data including overall efficiency. Approximately
two-thirds of auxiliary electric power require

ment is accounted for by gas generation. Pri

mary loads are the compressors for air separa

tion unit products, particularly for the N2 fraction.

The main auxiliary loads in the combined cycle

area are the main feedwater pumps.

A significant advantage also of the IGCC98

concept is the ability to recover the sulfur in the

coal as a pure salable byproduct. This sulfur

content in the coal could be considered as an

energy source when defining the thermal effi

ciency. Therefore, the heat content of the coal

used could be corrected by the value of the

sulfur fraction. The result would be a calculated

net efficiency approximately 0.5 percent points

higher, i.e., 52.2 percent for the IGCC concept

under consideration.

Emissions, Byproducts andWaste Materials

The performance of the IGCC98 concept in

cludes a significant reduction of gaseous emis

sions and solid byproducts compared to today's

most advanced PCF powerplants, in particular
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TABLE 1

DATA RESULTING FROM OVERALL

CYCLE CALCULATIONS

Heat Input (LHV):

Coal (2,545 tpd) 874.9 MJ/s

Natural Gas (for coal preparation) 0.9 MJ/s

Total 875.8 MJ/s

Gross Power Output:

Gas Turboset 301 .4 MW

Steam Turboset 178.1 MW

Total 479.5 MW

Gross Efficiency (LHV) 54.7 %

Power Consumption

Gas Island 17.8 MW

Combined Cycle 7.6 MW

General Facilities 1.5 MW

Total 26.9 MW

Net Power Output 452.6 MW

Net Efficiency (LHV) 51 .7 %

compared to a standard PC boiler, based on the

same coal:

The emission of C02 is reduced by ap

proximately 10 to 25 percent.

The NOx concentration can be kept at

20 ppm volume, equivalent to approxi

mately 100 milligrams per cubic meter.

The SO2 content of the flue gas can be

kept below 10 milligrams per cubic meter

(dry, 6 percent volume O2 ).

The sulfur stream produced in IGCC

plants amounts to one-fifth of the corre

sponding gypsum stream produced in

PCF powerplants.

The amount of the other residual mate

rial, i.e., slag, is reduced similar to CO2

due to the higher efficiency and therefore

lower fuel consumption.

Costs

A specific capital investment of US$1,100 per

kilowatt results for the IGCC98 power station

from bidding information prepared by involved

manufacturers. Figure 2 shows the structure of

this investment emphasizing three representa

tive blocks. Based on the IGCC98 plant effi

ciency of 51.7 percent, levelized electricity gen

erating costs of 46 mills per kilowatt-hour result,

which are approximately 10 percent less than

with today's most advanced PCF steam power-

plants.

In the future, Haupt et al. believe, the specific

capital investment could break the

US$1 ,000 per kilowatt barrier.
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FIGURE 2

CAPITAL INVESTMENTSTRUCTUREOFTHE IGCC 98 POWERPLANT

/Power Generation
Gasification &

Gas Treatment

42.6%

SOURCE: HAUPTETAL.

Air Separation

Coal Preparation

6.6%

NEW GAS TURBINE SHIFTS IGCC COST

ADVANTAGE TO DYNEGY GASIFIER

In a paper presented at the EPRI/GTC Gasifica

tion Technologies Conference held in San Fran

cisco, California, last October and modified

since, N. Holt ofthe Energy Conversion Division

of the Electric Power Research Institute (EPRI)
summarized EPRI's 1991-1995 engineering

economic evaluations of various Integrated

Gasification Combined-Cycle (IGCC) plant de

signs employing different gasification technolo

gies and process configurations.

Since that time there have been major devel

opments in IGCC technology which will reduce

the capital costs and improve the performance

and efficiency of such plants. Demonstration

plants of 250 to 260 megawatts have been in

operation for several years. The results from

the Wabash and Tampa Electric IGCC plants

indicate marked improvement over earlier esti

mates in the output and performance of the

General Electric 7F and 7FA gas turbines. In

addition, commercial market pressures and the

continued refinement and standardization of

design and engineering have resulted in a

marked reduction in gas turbine combined-cycle

costs since the 1993 period.

The earlier EPRI studies were conducted by
different teams of participants using different

basic assumptions and capital cost estimating

procedures. In addition, some of the studies

were based on early estimates of performance

and output of the GE 7F performance in the

IGCC application and did not reflect the in

creased output ofmore than 192 megawatts that

has been demonstrated in the Wabash and

Tampa Electric plants.

Holt presented updated evaluations ofthe major

candidate oxygen-blown IGCC designs recal

culated to a common basis with regard to de

sign, performance and cost estimation.
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Design Basis

The previous design studies were modified and

updated to the following consistent criteria:

e Wisconsin location

e Illinois #6 and Pittsburgh #8 coals

Second half 1 997 costs

GE7FA gas turbines evaluated at 192-

and >200-megawatt output

Nominal plant capacity 500-megawatt

net output

Two trains each of gasification, gas

cleanup (cold), air separation, combus

tion turbine and heat recovery steam

generator

e Single reheat steam turbine

Gasification plant sized to fully load the

combustion turbines at 15C

Natural gas is used for startup and as

backup fuel

Air and Oxidant

Oxygen of 95 percent purity by volume is sup

plied from the cryogenic Air Separation Units

(ASU). In some of the cases with the Shell and

Texaco gasifiers some of the air for the ASU is

supplied from the gas turbine compressor with

the balance of the supply coming from the ASU

separate air compressor. For all of the Shell

and Texaco cases higher pressure ASUs are

used because in these configurations nitrogen

from the ASU is supplied to the combustion tur

bine for NOx control. In contrast, the Dynegy

(formerly Destec) cases use a lower pressure

ASU because in these cases NOx control in the

combustion turbines is achieved by intermediate

pressure steam injection.

Capital Cost Estimate Basis

The Gasification Island (Gl) is defined as com

prising the following plant sections:

Coal handling, preparation and feeding

Gasification, high temperature gas cool

ing and slag removal

Low temperature gas cooling and fuel

gas saturation

Acid Gas Removal (AGR)

Sulfur recovery and tail gas treatment

Cases Studied

The Shell and Texaco gasification technologies

with full heat recovery were studied at 0, 25 and

50 percent integration (where percent integra

tion is defined as the percent of the total ASU

air that is supplied as extraction air from the gas

turbine compressor) using a higher pressure

ASU. Pressurized nitrogen from the ASU was

used to control NOx emissions and to increase

mass flow (motive force) to the gas turbines.

The Texaco quench type gasification was also

studied at the same 0, 25 and 50 percent inte

gration using a higher pressure ASU and with

nitrogen dilution for NOx control.

The Dynegy gasification technology was only

studied without air integration using a standard

lower pressure ASU and with intermediate pres

sure steam injection providing the final NOx
emissions control. This is the basic configura

tion oftheWabash IGCC plant.

A Texaco quench gasification case was also

studied without air integration in which the large

amount of low level heat available could satu

rate the fuel gas sufficiently for NOx emissions

control.

Study Results

The Total Plant Costs (TPC) listed in Table 1

include Total Field Costs (TFC), engineering
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TABLE 1

IGCC TOTAL PLANT COSTS AND PERFORMANCE WITH GAS TURBINE

LIMITED TO 192 MW - ILLINOIS #6 COAL

Gasification Technology

Shell-HR Texaco-HR Texaco-Q Dvneav-HR

Integration, % 25 25 25 0

Gas Turbine, MW 384 384 384 384

Steam Cycle, MW 245 292 208 258

Gross Output, MW 629 676 592 642

Aux. Power, MW 101 109 102 2Q
Net Power, MW 528 567 490 572

Total Plant Cost, $/kW 1,387 1,356 1,214 1,247

Heat Rate

kJ/kWh (HHV) 8,849 8,795 10,208 8,750

BTU/kWh (HHV) 8,389 8,338 9,678 8,295

and contingencies but do not include Owner's

Costs and Allowance for Funds Used During
Construction (AFUDC). For the Shell and Tex

aco cases at 50 percent integration it was found

that gas turbine output over 192 megawatts

could not be achieved without exceeding the

gas turbine constraints.

Table 1 shows selected study results for the

various gasification technologies, with Illinois

# 6 coal, compared at the gas turbine output of

192 megawatts.

A preliminary evaluation was also made of the

effect of using the GE 7H gas turbine in IGCC

applications using the Shell, Texaco and

Dynegy gasification technologies with full heat

recovery. These results are shown in Table 2.

According to Holt, the lower costs ofthe Dynegy
cases, compared to the Shell and Texaco

cases, are attributable mainly to:

Use of a lower cost fire tube syngas

cooler for Dynegy that is only about

25 percent of the weight of the larger

water tube design used by Texaco and

Shell.

Lower height of gasification structure

(continuous slag removal versus lock-

hoppers).

Lower auxiliary power consumption with

a conventional pressure ASU using

steam injection for gas turbine NOx con

trol than for a scheme with a higher

pressure ASU using compressed nitro

gen for NOx control.

The above cost advantages are not necessarily
unique to Dynegy. If the reliable use of these

features can be further substantiated then it is

likely that in this highly competitive technology
field Shell and Texaco would avail themselves

of similar improvements in the future.

These studies were based on the assumptions

of slurry concentration and gasification perform

ance (as measured by cold clean gas efficiency)
shown in Table 3 (page 100). To date neither

the Wabash (Dynegy) nor the Tampa Electric
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TABLE 2

IGCC PRELIMINARY COST AND PERFORMANCE

WITH 7H COMBUSTION
TURBINES*

Gasification Technology

Shell-HR Texaco-HR Dvneov-HR

Integration, % 25 25 0

Gas Turbine, MW 344 354 339

Steam Cycle, MW 184 219 182

Gross Output, MW 528 573 521

Aux. Power, MW 77 89 52

Net Power, MW 451 484 469

Total Plant Cost,
$/kW**

1,150-1,200 1,150-1,200 1,050-1,100

Efficiency, %

(HHV) 45.6 45.6 45.3

(LHV) 47.3 47.3 47.0

With Illinois #6 coal. The efficiency is 1 to 2% higherwith Pittsburgh #8.

**Preliminary

(Texaco) IGCC plants have achieved the cold

gas efficiencies shown in this table. However,
Demkolec has reported that the Shell gasifica

tion technology has met its design efficiency for

the Buggenum plant.

The preliminary evaluation of the use of the

GE 7H gas turbine technology in IGCC applica

tion suggests that overall efficiencies of about

47 to 50 percent lower heating value should be

achievable with capital cost savings from

economies of scale and efficiency of about

$200 per kilowatt over the IGCC designs with

the 7FA. However, such savings will depend on

how
'H*

gas turbines are priced and how the re

liability of a large single train design is evalu

ated.

TECHNOLOGY

SYNGAS/WATER MIX IS GOOD HYDROGEN

SOURCE FOR COPROCESSING

Coprocessing is a simultaneous reaction of solid

fossil fuels, such as coals, with plastic wastes,

or tire, and heavy oils. While coprocessing is

one of the most favorable ways for utilization of

coals and heavy oils, the use of expensive mo

lecular hydrogen has aggravated its cost. The

effectiveness of a syngas/water mix as an alter

native hydrogen source was investigated in the

presence of different kinds of iron-based cata

lyst precursors. The results of the study were

summarized by K. Hata et al. of Kyoto Univer

sity, Kyoto, Japan, in Energy & Fuels, Vol

ume 12, pages 1181-1190.
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TABLE 3

GASIFICATION PROCESS PERFORMANCE USED

IN EPRI IGCC STUDIES

% Slurry
Clean Cold Gas Efficiency % Concentration

HHV LHV Dry Solids

Shell 79.6 78.6 NA

Illinois #6 83.4 82.0 NA

Pittsburgh #8

Texaco 75.5 73.3
66.5*

Illinois #6 77.5 75.2 68.0

Pittsburgh #8

Destec
75.0**

74.1 63.0

Illinois #6 78.4 76.1 64.5

Pittsburgh #8

Tampa Electric reports 62% for Pittsburgh #8 and Illinois #6 with carbon

conversion per pass at 95% and 97.5%, respectively.

**Wabash reports 71 to 74%

To estimate both the merits and demerits of the

use of syngas/water, a comparative study be

tween different kinds of hydrogen sources on

the coprocessing ofWandoan coal and vacuum

residue of Arabian Heavy was performed. The

2:1 mixture of vacuum residue and coal before

the reaction is estimated to include 52.6 percent

pitch and 14.1 percent asphaltene. Figures 1

and 2 show the results of the non-catalytic and

iron-catalyzed reactions at 400C for

60 minutes. In the latter case,
pentacarbonyli-

ron, which is one of the most active catalyst

precursors for direct coal liquefaction, was em

ployed. Pretreatment at 200C for 30 minutes

was also done just before the reaction, because

this helps complete the mixing of the coal and

vacuum residues, and markedly improved the

yields. As shown in Figure 1 , in regard to the

non-catalytic runs, the yields of THF solubles

were in the following order CO-H20 > syngas-

H20 > HrH20 > He-H20 > H2. Interestingly, in

the case using hydrogen gas, addition of water

increased the yields ofTHF solubles.

Figure 3 shows the effects of hydrogen sources

in the catalytic runs at 425C. The increase in

reaction temperature markedly improved the

efficiency of both the hydrogen gas and the hy
drogen gas/water system.

Figure 4 shows the results of another set of raw

materials, Illinois No. 6 and propane-

deasphalting bottoms. The conversions to THF

solubles were generally high, especially in the

hydrogen gas/water system, in which the prod

ucts were completely soluble in THF. There

were similarities in the product yields with re

spect to the hydrogen sources, as shown in Fig
ure 2. The use of syngas with water afforded a

slightly lower conversion than that using hydro

gen gas/water.
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FIGURE 1
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FIGURE 2
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The effects of the hydrogen sources on the con

sumption of hydrogen gas and carbon monoxide

were investigated. Under hydrogen gas, the

addition of water increased the consumption of

hydrogen gas. The formation of coal- or vac

uum residue-originated carbon oxides was esti

mated to be negligible (less than 1 millimole) in

both cases, with orwithoutwater. There was no

significant influence on the formation of carbon

dioxide by the addition of water. The

coprocessing using syngas/water showed a be

havior intermediate between hydrogen/water

and carbon monoxide/Water. The total amounts

of the consumption of reducing gases were in

the following order HrH20 CO-H20 > syn-

gas-H20 > H2. Despite marked carbon monox

ide consumption, the reaction using carbon

monoxide/water generally resulted in low con

versions.

Effect ofCatalyst Precursors

As described above, syngas/water showed ex

cellent efficiency, almost comparable to hydro

gen/water. Therefore, the effects of different

kinds of iron-based catalyst precursors were

examined. Addition of sulfur to Fe(CO)5 was

found to improve the activities at a relatively

high temperature.

Compared with a control experiment without

iron species, addition of 1.5 millimole of

Fe(CO)5 afforded higher conversion

(97.6 percent) and a higher maltene yield

(64.7 percent). Further addition of Fe(CO)5 up

to 2.0 millimole (3.7 weight percent as Fe) in

creased the THF-soluble yield to almost

100 percent and the maltene yield to

69.5 percent. Synthetic pyrite also showed a

high THF-soluble yield that was comparable to

Fe(CO)5.

Figure 3 shows the effect ofthe ratio of coal and

heavy oil on the coprocessing ofWandoan coal

and vacuum residue using syngas/water in the

presence of Fe(CO)5. The yields of N + M +

heavy increased with the increasing coal-to-
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FIGURES
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FIGURE 4
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heavy oil ratio and were generally higher than

the simple sum ofthe results ofthe reaction with

100 percent coal or 100 percent heavy oil. The

conversions to THF solubles also showed posi

tive synergistic effects of coal and vacuum resi

due, but there were no improvements in the

maltene yields. These results suggest that the

coexistence of coal and vacuum residue is im

portant, probably due to the roles of coal as a

support for active iron species and a source of

naphthenes that can act as hydrogen-shuttling
compounds.

The researchers evaluated the effects of the

reaction temperature on the conversions and

yields with (a) Fe(CO)5 and (b) synthetic pyrite

(FeS2) using syngas/water. With Fe(CO)s, the

maximum conversion was achieved at 400C.

Further increases in the reaction temperature

greatly enhanced the yields of the light fractions

(C1-C4 gases +N + M + heavy), whereas the

conversion into THF solubles was slightly de

creased. On the other hand, in the presence of

synthetic pyrite, the maximum conversion was

achieved at 425C. Above 425C, conversions

using synthetic pyrite were higher than those

using Fe(CO)5.

In Fe(CO)s-catalyzed coprocessing, the conver

sion into THF solubles gradually increased in

the prolonged run and was almost completely

THF-soluble after 120 minutes. On the other

hand, the yields of the light fractions (CrC4

gases + N + M + heavy) markedly increased

with reaction time. Using synthetic pyrite, both

the conversion and the yields of the light frac

tions at an early stage were fairly higher than

those with Fe(CO)5. The conversion was

100 percent after 60 minutes.

Conclusions

Coprocessing of various coals and vacuum

residues using syngas/water as a hydrogen

source proceeded smoothly in the presence of

pentacarbonyliron or synthetic pyrite.

Hata et al. point out that among the alternative
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hydrogen sources examined, syngas/water was

highly efficient, almost comparable to pressur

ized hydrogen gas with water. Note that the

addition of water in the case using hydrogen gas

afforded an improved conversion to THF solu

bles. The addition of Fe(CO)5 up to 2.0 milli

mole (3.7 weight percent as Fe) improved the

THF-soluble yield to almost 100 percent in the

coprocessing of Wandoan coal and vacuum

residue ofArabian Heavy.

CO-COKING IS A NEW TECHNIQUE FOR

MAKING JET FUELS FROM COAL

It has been found that coal-derived aviation fu

els are more thermally stable than petroleum-

derived fuels. This is mainly due to the pres

ence of 2- to 3-ringed aromatic components in

the oil fractions, which on further processing
yield cycloalkane-rich fuels. Historically such

coal-derived fuels have been produced via coal

liquefaction. But due to economic market

trends a more viable path may now be co-

coking, which is a thermal process used to up

grade and convert petroleum resid and coal si

multaneously. Co-coking involves simulating a

delayed coker unit in a refinery while adding

coal, so that petroleum resids are upgraded to

yield a distribution of products that include oils,

gases and coke. Coal is added to increase oil

yield as well as produce the coal-derived aro

matic components that make a thermally stable

jet fuel.

A. Ficking.er of The Pennsylvania State Univer

sity, et al. summarized this alternative process

for coal-derived jet fuel production at the
217th

American Chemical Society National

Meeting held in Anaheim, California, in March.

Results

Three high volatile bituminous coals were ob

tained from the Penn State Coal Sample Bank

and database. The coals were chosen for their

extremely high fluidity, as well as their low

moisture and sulfur content.

The results for the coals and coker feed mixed

together at 450C, showed high oil yields with

relatively high coke yields. However, GC traces

showed that the oils contained long-chain paraf

fins, and not the 2- to 3-ring aromatics that are

precursors to thermally stable jet fuel. The re

sults of the coker feed and the coal at tempera

tures of 465 to 475C showed an increase in

coke production with a decrease in oil yield. GC

traces further showed that the oils produced

contained the 3- to 5-ringed aromatic compo

nents that could be further processed to desir

able precursors. The results of the resid and

coal at 500C showed a heightened effect of an

increase in coke production with a decrease in

the oil yield. However, when the GC traces

were examined the 1- to 3-ringed aromatics

were the major components, suggesting that the

reaction conditionswere too severe.

Figure 1 shows the changes in the yield of the

solvent fractions for co-coking experiments with

Powellton coal. Similar trends for the changes

in product yields were observed for the Eagle

and Pittsburgh coals. The product yields

showed that the coke yield increased with de

creasing oil yield. This resulted because the

reactors were not vented during the reaction,

which caused the volatile gases to build up in

side. Delayed coking is a system that allows the

volatiles to be vented off on production, which in

turn leads to high oil yields (approximately
70 percent) and lower coke yields (approx

imately 20 percent).

Depending on the temperature of operation the

product yields and compositions can be ma

nipulated to produce precursors for thermally
stable jet fuel. That is, for products with 3- to

5-ringed aromatics an upgrading/hydrogenation

process under severe conditions will produce

cycloalkanes in the desired boiling fractions

which could be used as thermally stable jet fu

els. However, it may be desired that a less se

vere upgrading process be utilized and therefore

a product with 1- to 3-ringed aromatics would be

more advantageous.

The authors conclude that from the work per

formed so far, 465C is the best temperature to
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FIGURE 1

PRODUCTYIELDTRENDS FORPOWELLTON COAL
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produce the best quality oil fraction at reason

able yields. Further study will include feed ratio

studies and the effects of reaction length on

yields. Alternative feeds, such as decant oil, will

also be investigated, with the hope that greater

dissolution of the coal will occur while producing

different coke products.

COAUBIOMASS COFIRING EFFORTS

LEADING TO COGASIFICATION

The Fossil Energy (FE) branch of the United

States Department of Energy (DOE) has been

sponsoring pioneering efforts with combined

coal/biomass feedstocks for use in boilers and

gasifiers. This work was summarized in the

Fall 1998 issue of Clean Coal Today.

Biomass/coal cofiring/rebuming technologies,

where biomass typically constitutes 2 to

15 percent of the heat input, have potential to

add capacity and achieve S02/NOx regulatory

compliance. Also, they offer promise to reduce

greenhouse gases because biomass is renew

able, and unbumed hydrocarbons normally pro

duced by in-field burning of biomass wastes are

avoided, as is landfill methane. FE's cofiring

activities have been driven largely by the inter

ests of coal-fired utilities in having a
"hedge"

against possible future climate change regula

tions or renewable energy portfolio standards

contained in deregulation legislation. Other util

ity motives are establishing green pricing pro

grams, addressing industrial waste problems

and assisting farmers with evaluating energy
crops.

Large existing coal-fired boilers offer economic

and efficiency advantages over the smaller
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boilers where biomass would be burned by it

self. Biomass has low heating value, high

moisture, and low density, and can only be used

locally due to transportation costs. A multiyear

program cost-shared by FE and the Electric

Power Research Institute (EPRI) began long-

term demonstrations last fall in utility boilers

cofiring various biomass types with coal.

Although some utility cofiring is practiced in the

US and abroad, establishing long-term reliability

and improving economics through process op

timization are still significant needs. Major is

sues, which the FE program addresses, include

biomass fuel handling equipment and fireside

impacts, such as carbon bum-out, ash fouling,
ash disposal and NOx behavior. Retrofit costs

are site-specific and vary significantly.

Coordinated Cofiring Research and

Development

Researchers at Federal Energy Technology
Center (FETC), Sandia National Laboratory and

National Renewable Energy Laboratory (NREL)
are conducting a 3-year project to evaluate

combustion behavior and synergies. For exam

ple, coal sulfur has been experimentally shown

to have the potential to temper the troublesome

chloride corrosion associated with some bio

mass fuels.

Utility Demonstrations

Through a multiyear Cooperative Agreement,
five US utilities have successfully conducted

demonstration tests in seven boilers of different

scales and configurations (wall, tangential, cy

clone) while cofiring various energy crops and

waste biomass fuels using various fuel han

dling/injection schemes.

Long-term demonstrations began in the fall

of 1998 at the General Public Utilities Seward

Station and the Northern Indiana Public Service

Company (NIPSCO) Bailly Station. The Seward
project includes sawdust and utility-generated

wood cofiring in a 32-megawatt-electric wall-

fired boiler using a separate biomass injection

system. The Bailly project includes blends of

clean urban wood waste, petroleum coke and

coal in a 160-megawatt-electric cyclone-fired

boiler that features an advanced scrubber.

Advanced Biomass Rebuming

Energy and Environmental Research Corpora

tion (JEER) is evaluating advanced biomass re

buming with the potential for over 90 percent

NOx removal by the use of promoting agents.

The EER biomass rebuming project involves

Niagara Mohawk Power Company, Antares

Corporation and FE researchers, with funding
from the United States Department of Agricul

ture Phase II Small Business Innovative Re

search Program.

Stoker Cofiring

The University of Pittsburgh is conducting urban

waste wood resource assessments for industrial

stoker boilers. A successful demonstration test

of shredded pellet cofiring was completed

in 1997 at the Pittsburgh Brewing Company.

Advanced Power Systems Development

FETC in-house researchers are examining ad

vanced-turbine system combustion issues with

biomass-derived syngas. Researchers have

begun wood cogasification tests in a pilot-scale

pressured fluidized-bed gasifier/hot-gas cleanup

facility, while FETC and NREL are conducting

life-cycle assessments for biomass gasification.

Advanced Coal/Biomass Fuel Handling

An FE solicitation recently resulted in awards for

four projects that will support novel concepts in

waste coal/biomass fuel preparation for cofiring

applications. Also, FE researchers are helping
to evaluate prototype mills for biomass and coal

processing, including copulverization, and mills

that are used in other industries.

International Activities

With funding from the International Energy
Agency, FE completed a comprehensive review

in 1996 of biomass and waste cofiring commer

cial experiences in the US and abroad. The
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United States Agency for International Devel

opment and FE also are investigating the de

velopment of bagasse projects in India.

Industry Consortium

An industry-led research and development con

sortium will sponsor research to expand utiliza

tion of coal combustion byproducts, including
ash from biomass cofiring.

Cofiring is considerably more complex than

stand-alone renewable fuel use, because two

fuels are combined in one plant, and requires

plant operators to alter practices. Coal-fired

powerplants face different challenges than re

newables. These include environmental regula

tions, deregulation and the need to reliably sup

ply large volumes of baseload power.

Experience to Date

An article by R. Costello in the January 1999
issue of Power Engineering notes that six pow

erplants in the US are cofiring coal and wood

residue products on a commercial basis. An

other 10 plants have successfully tested cofiring
over the last decade, and at least 6 more plants

are now planning tests (see Table 1). According
to a recent report prepared for the DOE by five

national laboratories, domestic biomass genera

tion capacity could reach 20 to 30 gigawatts by
the year 2020 by cofiring existing coal-fired

plants.

Results have shown that cyclone boilers are

particularly suitable for cofiring because they
require minimal modifications for feeding and

mixing the biomass fuel with coal, because they
accept crushed (not pulverized) coal, and be

cause they run hot in a slagging mode. Several

test campaigns since 1994 with the

250-megawatt cyclone boiler at Tennessee

Valley Authority's (TVA's) Allen Plant, and

nearly a decade of cofiring experience at
North-

em States Power's 550-megawatt Allen S. King
Station, indicate that cyclone boilers can cofire

wood in the range of 1 to 10 percent (and possi

bly as high as 15 percent) by heat content.

Because wood residues have essentially no

sulfur content, cofiring of wood with coal re

duces S02 emissions by the percentage of the

heat content provided by wood. Cofiring bio

mass with coal would allow power producers to

earn S02 emission allowances under the Clean

Air Act Amendments. Allowances are earned

for each ton of S02 emissions avoided by burn

ing biomass in a cofired boiler.

Most wood fuel sources have low nitrogen lev

els, running one-third to one-tenth those of coal.

Further NOx reductions can be achieved by

cofiring wood as a rebum fueldownstream

from the primary combustion zone4o destroy
some of the NO produced upstream.

Another environmental benefit of cofiring in

volves reduction of C02 emissions for green

house gas mitigation. The displacement of

1 megawatt of coal-fired generating capacity by
biomass feedstock offsets about 6,000 tons of

C02 per year. A recent study found that cofiring

biomass in the nation's coal plants at levels of

2 to 15 percent could reduce fossil emissions of

C02 by 26.7 million metric tons per year.

Cofiring Economics

While the environmental advantages of cofiring

are promising, the economy of cofiring for any

plant is site-specific and depends on several

factors. Some of these factors are related to the

plant design e.g., cost can increase signifi

cantly if plant retrofit includes addition of facili

ties for feedstock size reduction, wood drying or

separate feed systems forwood fuels.

However, says Costello, determining whether a

cofiring plant can be run economically enough

to cover these capital costs is largely a matter of

the availability and price of biomass feedstocks

within 50 to 100 miles of the plant. A 50-mile

change in plant location has significant impacts

on fuel supply costs. To be economical, bio

mass fuel must be delivered at a price of

$0.25 to $0.40 per million BTU below the price

of coal.
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TABLE 1

BIOMASS COFIRING PLANTS

Utility Plant Boiler Tvoe

In Commercial Operation

Northern States Power Allen S. King
Station*

Cyclone

NYSEG Greenidge PC

NYSEG Hickling Stoker

NYSEG Jennison Stoker

Southern Company Yates PC

Tacoma Public Utilities Steam Plant No. 2 FBC

TVA Colbert PC

Tests Conducted

Georgia Power Plant Hammond PC

Georgia Power Plant Yates PC

GPU, Inc. Shawville Station PC

GPU, Inc. Seward Station PC

Madison Gas & Electric Blount Street Station PC

NIPSCO Michigan City Station Cyclone

Santee Cooper Jeffries Station PC

Savannah Electric Plant Kraft PC

TVA Kingston Fossil Plant PC

TVA Allen Fossil Plant Cyclone

Tests Planned

GPU, Inc. Seward Station PC

IES Utilities Ottumwa Station PC

IES Utilities 6th Street Station PC

Niagara Mohawk Dunkirk Station PC

NIPSCO Industries Bailly Station Cyclone

Southern Companies Gadsden PC

Operated from 1987-1997
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SUPERCRITICAL ETHANOL EXTRACTS

ORGANIC RESINS FROM COAL

F. Lancas et al. of the Universidade de Sao

Paulo, Sao Carlos, Brazil, discussed in Energy
Sources, Volume 20, pages 935-944, 1998, a
method which uses supercritical ethanol to ex

tract organic material from a Southern Brazilian

coal. The chemical characterization of this

product was carried out using chromatographic

and spectroscopic methods in order to obtain a

profile ofthe main components.

The coal studied was taken from Leao Butid

Mine in Southern Brazil. The organic material

was extracted with a supercritical fluid, using
ethanol as solvent. After extraction, the product

was fractionated in order to obtain more distinct,
well-defined fractions, making its characteriza

tion easier.

Results

pounds (1,300 cm"1, 1,400
cm"1

and 3,300 cm"1),

and carbonyl groups at 1,700 cm'1.

HRGC-MS analysis confirms the results found

by spectroscopic techniques.

The results obtained through the spectroscopic

and chromatographic analysis of the three frac

tions obtained through the A/B/N fractionation

method provided important qualitative informa

tion about the sample, allowing the identification

of its major compounds by HRGC-MS. The

identification of carboxylic acids, phenols, and

basic n'rtrogenated and aromatic compounds,

such as benzohydrofuran, suggests the possibil

ity of a better use for the mineral coal, for in

stance as a raw material for the chemical and

pharmaceutical industries. This complex ma

trix, so abundant in Brazil, can provide com

pounds of great interest, say Lancas et al.

Through PLC-8 fractionation it was observed

that more than 50 percent of the sample is

made up of resins. For a more detailed study
these resins were then fractionated into acidic

(46.3 percent), basic (10.4 percent) and neutral

resins (43.3 percent).

The 1H-NMR spectra obtained from the three

fractions indicates the presence of protons on

saturated carbons are more intense in the neu

tral fraction. Some low-intensity absorption in

the region corresponding to protons on aromatic

carbons (=7.00 parts per million) is found in the

acidic and neutral fractions. The presence of

protons corresponding to oxygenated groups is

verified through the absorptions in the region

near 5.00 ppm.

The electronic spectra obtained in the UV-Vis

region for the three fractions were similar, pre

senting characteristic absorptions of aromatic

compounds, confirming the NMR data.

The same similarities appear in the FT-IR spec

tra for the three fractions. The spectrum of the

acidic resins presents characteristic bands of

aromatic compounds (600 to 800 cm'1,

1.600 cm"1), oxygenated and nitrogenated com-

TIRE-TO-COAL RATIO OF 1.0 FOUND BEST

FOR COLIQUEFACTION

The disposal of more than 200 million automo

tive tires annually in the United States is a major

environmental problem because the tires do not

degrade easily and are unsuitable for disposal in

landfills. Coliquefaction of tires with coal has

been suggested as an alternative to tire disposal

in landfills. The presence of tire has a synergis

tic effect on coal conversion, i.e., the overall

conversion of coal plus tire by coliquefaction is

greater than the sum of the individual conver

sions of coal and tire when they are liquefied

separately. The synergism is governed by the
nature ofthe coal as well as by the conditions of
liquefaction.

Researchers at West Virginia University (WVU)
have studied the two-stage catalytic liquefaction

of coal and waste tire using two bituminous

coals, under different conditions, catalytic and

non-catalytic and using tires prepared in differ

ent ways. R. Sharma et al. of WVU summa

rized the result of the study in Energy & Fuels,
Volume 12, pages 1245-1255.
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Production and Analyses of Tire Oils

The conversion of the tire was found to be

69 percent at 400C. This indicates that the

entire organic portion of the tire rubber is con

verted to oil and gas at these conditions. At

350C, the conversion was 53 percent, indicat

ing that most of the organic material is con

verted to oil and gas even at these conditions.

All the tire oils have low aromatic/aliphatic ra

tios, indicating that the oils consist mainly of

aliphatic compounds. The results indicate that

the aromatic/aliphatic ratio of tire oil increases

with temperature and that the presence of hy
drogen or an inert gas does not appear to play a

significant part, at least at 350C.

Effect of Preparation Temperature in the

First Stage

Figure 1 shows the effect of tire oil on second-

stage coliquefaction of Wyodak coal at 400C.

These oils contained no carbon-black particles

because the latter were found to have a delete

rious effect on coal conversion. The results of

Figure 1 are reported in terms of an
"equivalent"

tire/coal ratio, Retc represents the tire/coal ratio
forwhich the tire-oil/coal ratio is the same as in

a given second-stage run. For example, Retc
values of 0, 1 and 2 at the second-stage tem

peratures of 400C correspond to tire-oil/coal

ratios of 0, 0.66 and 1.3, respectively, as the
yield of tire oil in hydrogen at 400C is 0.66.

Using Retc makes it possible to compare the

results of two-stage coliquefaction runs directly
with those from the single-stage coliquefaction

of coal and tire at the second-stage tempera

ture.

As seen in Figure 1, the conversion (X) of coal
in the absence of the tire oil and the catalyst is

low but increases dramatically in the presence

of the catalyst. The Oil + Gas yield (OG) in

creases with the addition ofthe catalyst but only
slightly. From Figure 1 , X also increases when

the coal is coliquefied (thermally) with tire oil

HTO-350 but not as dramatically as in the pres
ence of the catalyst. The results are presented

on a coal-alone basis, assuming all the tire oil

goes to OG. Hence, the increase in X and OG

FIGURE 1
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with tire oil indicated that the tire oil has a syn

ergistic effect on coal liquefaction.

When HTO-350 is added to the coal plus cata

lyst, X decreases slightly, while OG is virtually

unchanged. The topmost unbroken line in Fig
ure 1 represents values of X calculated when

the change in X as tire oil is added to coal Cm

the absence of a catalyst) is added to the value

ofX for coal plus catalyst On the absence of tire

oil). Then the difference between the topmost

unbroken line of Figure 1 and the experimental

values of X for coal plus catalyst plus tire oil

(filled squares) represents the incremental syn

ergistic effect obtained by adding tire oil to

catalytic coal liquefaction. The synergistic ef

fect is positive when the experimental points are

above the unbroken line. Figure 1 indicates that
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there is a considerable negative effect obtained

for X. That is to say, there is an increase in

conversion, but it is not greater than the sum of

the parts. A comparison of the lower unbroken

line and the experimental values of OG for coal

plus catalyst plus tire oil (filled circles) indicates

that there is no significant (positive or negative)

synergistic effect for OG.

Liquefaction of Blind Canyon Coal with Tire

Oil

The effect of tire oil HTO-400 on the liquefac

tion of Blind Canyon coal is presented in Fig
ure 2.

At 400C the conversion of coal without the

catalyst is relatively low but increases in the

presence of HTO-400 to 50 percent at

Retc = 2.3. The oil plus gas yield is essentially
unaffected by the use of HTO-400, indicating
that the tire oil mainly enhances the formation of

asphaltenes. Using the catalyst, the conversion
increases further, to a maximum of 79 percent

at Retc s 1.2. It is interesting to note that the

beneficial effect of HTO-400 is more pro

nounced at low values of Retc- Considering the

available annual supply of waste tires, a low

value of Retc may also be more appropriate

from a commercial point of view.

Essentially similar observations are made at

450C, at which temperature the conversion of

coal levels off around 87 percent. However,
with tire oil present, the coal conversions are

slightly higher at 450C than at 400C. This in

dicates that the radical-stabilization reactions

due to tire oil are particularly significant at the

high temperature. Although the increased

coal/tire-oil interaction should result in a high

yield of asphaltenes at 450C, the actual yields

of asphaltenes in the presence of catalyst and

tire oil are lower at 450C than those at 400C.

This indicates that the rates of asphaltene con

version to oil plus gas are high at 450C; as a

result, the yield of oil plus gas increases with

Retc in catalytic runs at 450C.
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Comparison to Two-Stage Resultswith

Single Stage

Figure 3 compares the results of two-stage

coliquefaction for Blind Canyon coal (and tire

oil) with those from single-stage coliquefaction

of coals (and tire). The two-stage runs were

carried out with HTO-400. Only the results from

catalytic runs at 400 and 450C are presented,
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FIGURE 3
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because the conversions in the other runs were

relatively low.

The conversions from two-stage liquefaction are

higher than those from single-stage liquefaction

and the difference is large, particularly at 400C.

At 450C, the oil plus gas yield for the two-stage

process is also higher, but this is more as a re

sult of a decrease in oil plus gas yield in single-

stage liquefaction as the tire is added than a

significant increase in the two-stage process.

The decrease during the single-stage process

may be due to interactions between the catalyst

and the tire-ash components, as mentioned ear

lier.

For both Blind Canyon and Illinois No. 6 coals,

the two-stage liquefaction appears to be more

beneficial at mild temperatures and low values

of Retc

For Wyodak coal there is a maximum in both

conversion and oil plus gas yield at around

Retc = 1 at 450C.

According to Sharma et al. the above compari

son indicates that the two-stage liquefaction is

beneficial for all three coals. An equivalent tire-

to-coal ratio of around 1 appears to be, gener

ally, the most favorable.

CARBON DIOXIDE AND STEAM COMPARED

AS GASIFICATION MEDIA

The wire-mesh (heated grid) reactor configura

tion has served as a valuable tool in determin

ing and understanding solid fuel behavior under

pyrolysis, hydropyrolysis and gasification condi

tions. However, steam gasification has proved

problematic in wire-mesh reactors because the

walls of the pressure containment vessel are

normally kept cold, resulting in condensation

during experiments. R. MessenbOck et al. of

the University of London, London, United King
dom, describe the development of a steam in

jection facility and a new control system for

steam gasification experiments in a high-

pressure wire-mesh reactor in Energy & Fuels,
Volume 13, pages 122-129, 1999.

The design is based on preheating the steam

path to prevent condensation during experi

ments. Steam is allowed to contact the coal

sample only instants before the temperature of

the sample is ramped. Results from experi

ments in helium, C02 and steam at pressures

up to 30 bar (1 ,000C per second to 1
,000C)

have been compared for experiments extending

to 60 seconds at peak temperature.

Results

Total volatile yields from the pyrolysis of Daw

Mill coal were determined under He pressures
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between 1 and 30 bar for 0-, 10- and 60-second

holding times at peak temperature (1,000C).

The main observable effect was a decrease of

yields with pressure and a small increase in

sample weight loss between 0 and 10 seconds.

Changes in sample weight loss over the pres

sure range (1 to 30 bar) were no greater than

about 8 percent.

Total volatile yields from cogasification ex

periments were determined at 1,000C, for

changes in conversion as a function of pressure

(1 to 30 bar) at holding times of 0, 10, 20 and

60 seconds. Some gasification (perhaps 1 to

3 percent) appears to take place during heat up.
At the other extreme of the hold-time range

(60 seconds), a sharp increase in weight loss

was observed between 1 and 10 bar; conver

sions at 30 bar were found to be as high as

92 percent.

At this heating rate, the gasification process ap

pears to go through several successive stages

involving volatile suppression (mainly by tar

repolymerization), gasification of the secondary

char, followed by direct gasification of char resi
due.

Changes in sample weight loss during steam

gasification as a function of holding times up to
60 seconds at three different pressures (1, 10

and 20 bar) show large differences between

yields at 1 and 10 bar, qualitatively reflecting

the results for C02 gasification. Differences

between 0- and 10-second holdings were again

large, particularly at the higher pressures. At

20 bar, gasification of the sample (105 to

152 pm) was virtually completed after

20 seconds, leaving nothing but small ash parti

cles on the sample holder.

The data show a sharp difference in reactivity

between steam and CCfe. The earlier release of

volatiles in steam would be expected to have

implications on bed stability in fluidized-bed

gasifiers. After 60 seconds (Figure 1), gasifica

tion in steam appears to be complete at the

higher pressures. Conversions in CO2 also

reached high levels. The high yields observed

at 30 bar were reproducible. However, it may

be observed that after 60 seconds, gasification

in CO2 appeared to have reached completion.

At 10 bar, a similar effect may be observed at

60 seconds at a lower conversion level

FIGURE 1
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(approximately 80 percent), apparently due to

the deactivation of the char by prolonged expo

sure to high temperature.

INTERNATIONAL

IEA CLEAN COAL CENTRE PUBLISHES

DATABASES ON CD-ROM

The Clean Coal Centre of the International En

ergy Agency's (lEA's) Coal Research Group has
for the first time made all of The Clean Coal

Centre's databases available on CD-ROM. Nine

of these are included in CoalPower3The

Clean Coal Compendium a series of inter

linked databases covering clean coal technolo

gies, clean coal demonstration plants, the

world's coal-fired power stations and their units,

environmental abatement and control systems,

emission standards, and the names and ad

dresses of utilities and companies active in

clean coal technologies.

CoalPower3The Clean Coal Compendium

contains:

Data on installations for flue gas

desulfurization for SO2 control, pri

mary measures and flue gas treat

ment for NOx emissions reduction,

and particulate removal systems are

incorporated where available

Details of these environmental abate

ment and control systems (three data

bases).

Emission standards for coal-fired plants

in more than 30 countries.

More than 1,000 contact addresses of

utilities and equipment suppliers.

CoalPower3The Clean Coal Compendium is

available now on CD-ROM and will be available

on the Internet later. All the databases are fully
searchable.

The Clean Coal Centre can be contacted at:

Telephone: +44 (0) 181-780 2111

Fax: +44 (0) 181-780 1746

e-mail: mail@iea-coal.org.uk

Details of clean coal technologies, air

pollution abatement and control tech

nologies, and plants demonstrating them

(two databases).

Information on more than 1,850 coal-

fired power stations and more than

5,000 individual units throughout the

world (two databases). For each unit

information is provided on:

Utility/owner/operator

Plant location

Capacity

Coal bum, coal quality (heating value,

sulfur and ash content), boiler type

and manufacturer

NMA FORECASTS RECORD LEVEL COAL

PRODUCTION AND CONSUMPTION

The National Mining Association's (NMA's)
1999 Forecast of Coal Markets predicts that

production and consumption of coal in the

United States will reach all-time record levels by
year-end. According to the NMA, 1.121 billion

tons of coal will be produced in the US this year.

Coal mines east of the Mississippi River will

produce 575 million tons and mines located in

the Western part of the nation will produce

546 million tons. Total domestic consumption

and exports of coal in 1999 will be 1.140 billion

tons, up from the record 1.131 billion tons used

in 1998.
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Electric Utilities

According to the NMA, the record production

level will be driven by consumption at electric

utilities, which has been the case since the

mid-1980s. In 1999 utilities will use 935 million

tons of coal to generate 56.8 percent of the

electricity produced by the public utility sector.

NonUtility Generators (NUGs) will use an addi

tional 27 million tons by year-end. Utility coal

use will increase in all census regions of the

country in 1999 with the exception of New Eng
land where coal use will decline slightly. Gen

eration in 1999 is expected to be 1.3 percent

above 1998 levels, assuming normal weather

patterns. In 1998 generation by the public utility
sector increased by just under 3 percent.

Nationally, there were no new coal or nuclear

plants that came on line in 1998 and none will

come on line in 1999. The major trend has

been, and will continue to be, the sale of electric

utility plants to non-traditional owners. Through

September 1998, 23,548 megawatts has

changed hands and this trend will continue

throughout this year.

Due both to the compliance with Clean Air Act

Amendments of 1990 and to the location of

powerplants and the centers in which demand

for power is increasing, sources of coal used by
utilities are continuing to shift away from coals

in the Midwest to coal mined in the Powder

River Basin and in parts ofAppalacbia. In 1999

utilities will take 317 million tons of coal from

Appalacbia On comparison, the number was

283 million in 1994); 93 million from the Illinois

Basis (105 million in 1994) and 391 million tons

of subbituminous coal from the Western states

(292 million in 1994). Lignite bum will be

72 million tons in 1999 (77 million in 1994) and

bituminous coal from the Western states will be

56 million tons in 1999 (54 million in 1994).

Exports

Exports to overseas destinations have been on

the decline since 1995, and 1999 will be no ex

ception, says the NMA. Metallurgical coal ex

ports will be 44 million tons in 1999, down from

an estimated 45 million in 1998 and 47 million

in 1997. The steam coal export market will slip
from 32 million tons to 14 million tons in 1999.

Competitive pressures from South Africa and

Australia, economic conditions, currency and

exchange rates, availability of natural gas, and

the decline in coal use in Europe due partially to

global warming policies, all have contributed to

the decline in US sales of steam coal overseas.

For the time being, the market in Canada offers

a bright spot. United States steam coal ship

ments to Canada were 12 million tons in 1998

and will remain at that level in 1999. Ontario

Hydro is taking much more US coal, which is

replacing power from nuclear plants that are

now off line. Metallurgical coal shipments from

the US to Canada will remain at 6 million tons.

Overall, preliminary estimates show that exports

in 1998 will be 78 million tons, down 5 million

tons from the 83 million tons exported in 1997.

In 1999 exports likely will total 76 million tons.

OtherMarkets

Coal use for coking purposes will total 28 million

tons in both 1998 and 1999 and industrial/retail

coal consumption, which was 76 million tons in

1998 will drop to 74 million tons in 1999 due to

low prices of natural gas and oil.

Coal stocks will remain unchanged in 1998 and

1999. Imports which were 8 million tons in 1998

will increase to 9 million in 1999.
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PROJECT ACTIVITIES

SHELL'S BINTULU PLANTWILL BE

ONSTREAM AGAIN IN 2000WITH IMPROVED

TECHNOLOGY

The commercial climate for developing remote

gas is challenging at this moment in time due to

the low oil prices with no expectation of price

recovery in the near future. However, the cur

rent global drive for a cleaner environment of

fers potential for Gas-To-Liquids (GTL) projects.

Shell's response is to exploit to the full extent a

comprehensive portfolio of cost competitive gas

technologies, which enhances return on invest

ment and meets more stringent environmental

specifications. A. Punt et al. of Shell Global

Solutions discussed the advances in Shell's

GTL technology, Shell Middle Distillate Synthe

sis (SMDS) technology, at the Monetizing
Stranded Gas Reserves 1998 Conference held

in San Francisco, California, last December.

Shell started its research and development in

the Fischer-Tropsch technology back in 1973

which led to the construction of the SMDS plant

in Bintulu, Malaysia. The plant size was limited

to 100 million standard cubic feet per day

(MMscfd) as its prime purpose was to demon

strate the technology in a commercial enter

prise.

The plant was commissioned in 1993. Having
to overcome several initial operational prob

lems, the plant gradually reached design capac

ity performing on par with other oil and gas fa

cilities.

The plant technology comprises three Shell pro

prietary processes:

The Shell Gasification Process (SGP) to

convert natural gas into syngas. The

process is based on non-catalytic partial

oxidation plus waste heat recovery.

Each SGP unit processes 20 MMscfd

natural gas converting over 95 percent of

the methane into CO.

The Shell Heavy Paraffins Synthesis

Process (HPS) to convert the syngas into
liquid hydrocarbons. The process is

based on a proprietary Co-based cata

lyst placed in a fixed-bed tubular reactor

converting nearly 90 percent of the CO

into liquid hydrocarbons C5+ at

3,000 barrels per day per reactor.

The Shell Heavy Paraffin Conversion

(HPC) to tailor the product slate to mar

ket demand. The process also com

prises a proprietary catalyst and operates

at a moderate pressure (below 50 bar).

The middle distillate yield is high with low

(<2 percent) gas make.

A severe incident with the air separation unit

caused a total plant shutdown in late 1997. The

cause has been identified and preventive

measures will be implemented. The plant is

currently repaired and is scheduled to resume

operation in early 2000.

The next SMDS will incorporate the valuable

lessons learned from the Bintulu plant both in

terms of improvements to ensure the plant's

availability as well as simplification through the

deletion of redundant facilities.

Secondly, it will incorporate the subsequent ad

vances in technology and equipment develop
ment resulting from the continuous research and

development:

SGP a significant increase in reactor

capacity and modification of reactor and

waste heat boiler design to further im

prove their reliability.

HPS introduction of the new synthesis

catalyst and larger reactors enabling an

output of 9,000 barrels per day per mul

titubular reactor.

The various technology blocks have been inte

grated to form a modular design as is applied in

liquefied natural gas plants one GTL train has

a capacity of 30,000 barrels per day. The

modular approach will allow for a phased con-
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struction and subsequently a phased injec

tion/shutdown maintenance approach. Thereby
the effectiveness of the project and operational

phases are improved.

GTL Economics

According to Punt et al., a two-train GTL plant

with a capacity of 60,000 barrels per day to

gether with its supporting infrastructure (green

field project) and constructed in a moderate en

vironment will require an investment of some

US$25,000 per daily barrel of capacity. This

signifies a cost reduction of more than a factor

of 2 compared to the Bintulu plant (see Fig
ure 1).

60
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FIGURE 1
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In combination with the often referred to gas

price of US$0.50 per million BTU the project will

have a 10 percent return at oil prices below

US$18.00 per barrel. This assumes no product

premiums.

ECONOMICS

ADVANCED GAS HEATED REFORMER

IMPROVES GAS-TO-LIQUIDS ECONOMICS

A paper by J. Abbott of Synetix, presented at

the Conference "Monetizing Stranded Gas Re
serves,"

held in San Francisco, California, last

December, details the development of Gas

Heated Reforming (GHR) technology for

methanol synthesis and Fischer-Tropsch (F-T)
synthesis.

Abbott explains that the most widely used unit

for producing methanol synthesis gas is a con

ventional atmospheric steam reformer furnace.

However, this unit suffers from several disad

vantages:

A large weight and large footprint.

e Slow to start up and shut down and in

volves manual operations.

The gas composition is more hydrogen

rich than is ideal formethanol.

e Unsuitable for a floating facility offshore

due to weight and size, sensitivity to mo

tion, and hazard in the event of a gas

leak.

GHR technology addresses these problems.

GHRs were first used in ammonia duty in the

ICI LAC process. In a joint venture with

BHP Petroleum the concept of using a GHR for

methanol production was commissioned in Aus

tralia in 1994.

The GHR technology principles are explained

with reference to Figure 1 .

A gas and steam mixture heated to 750 to

840C is fed to the catalyst in the tube-side of
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FIGURE 1

GHR-BASED STEAM REFORMING
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the GHR. About 25 percent of the steam re

forming reaction is carried out here. The par

tially reformed gas is then passed on to a sec

ondary reformerwhich is oxygen-fired. Here the

reforming reactions are completed and the gas

temperature is brought to around 1,790F. The

gas from the secondary reformer then passes

through the shell-side of the GHR where it gives

up heat for the steam reforming reactions to

take place.

In order that the combination can be started up,

a small catalytic combustion unit is incorporated

between the two units. This item catalytically

combusts and reforms a low-temperature mix

ture of natural gas, steam and air in order to

provide a stream of hot gas to heat the secon

dary reformer to its startup temperature.

The GHR (Figure 2) consists of a number of

catalyst-filled tubes (scabbed tubes), each with

a central bayonet tube. The feed gas enters

through the top of the vessel and into the space

between the two tubesheets and then into the

scabbard tubes. The gas flows down the cata

lyst-packed annular space between the scab

bard and the bayonet tube, before passing back

up the bayonet tube to the top of the GHR, from

where it passes to the secondary reformer. The

inside of the bayonet tube is insulated to mini

mize the loss of heat from the GHR reformed

gas back into the feed gas. The outside of the

scabbard tube is finned and is installed inside an

outer sheath tube, which acts as a double pipe

heat exchanger. The secondary reformer gas is

forced to flow over the fins at high velocity by
the sheath tube, thus enhancing the shell-side

heat transfer coefficient and reducing the num

ber of tubes required for a given plant size.

BHP Petroleum Methanol Research

Plant (MRP)

BHP Petroleum (BHPP) is a major producer of

oil and gas in Australia and operates several

offshore oil fields in Australian waters. Over the

past 15 years BHPP has developed the technol

ogy of oil and gas extraction and processing
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FIGURE 2

GAS HEATEDREFORMER
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using Floating Production Storage and Offload

ing (FPSO) facilities.

These are essentially converted oil tankers or

purpose-built barges which are moored to the oil

and gas collection risers by a flexible coupling.

Processing facilities are located above the deck
of the vessel, and the stabilized crude is stored

in below-deck tanks. Associated natural gas is

flared if the fields are too remote from potential

markets for economic utilization. The FPSO is

serviced by shuttle tankers which offload the

stabilized crude and transport it to the eventual

customers.

BHPP has considerable offshore reserves of oil

and gas, some of which are not being exploited

yet due to their remoteness. With the associ

ated natural gas not being economically viable

as a gaseous feedstock or fuel, BHPP has been

addressing other means of conversion into a

salable product. The ICI LCM methanol process

with GHR reforming offered the technology
needed to take a methanol plant offshore due to

these features:

Insensitivity to vessel motion

Compact arrangement

No open source of ignition

In order to verify and develop the LCM process

for offshore operation BHPP first built the MRP

as an onshore plant located in the outskirts of

Melbourne, Australia. The 181 -ton per day plant

represents the first commercialization of

ICI LCM technology. The plant is a joint venture

between BHPP and Diamond R&D Australia, a

subsidiary of Mitsubishi Corporation, with BHPP

being the plant operator.

The MRP was successfully commissioned in

October 1994 and has operated well since

startup, according to Abbott.

The Advanced Gas Heated Reformer

The MRP has been useful as a test-bed for new

ideas and developments over the last 2 to

3 years. Some of these have been identified

out of the BHPP work program to develop a

methanol FPSO design. There have been op

erational improvements and simplifications and

hardware changes.

One of these has been the Advanced Gas

Heated Reformer (AGHR). The AGHR design

retains the proven aspects of the GHR, such as

the finned double pipe arrangement for mini

mum size, the proven metal dusting-resistant

metallurgy and the process and mechanical de

sign methods while at the same time addressing
areas ofthe design which could be improved.

One complication with the GHR is the catalyst

loading and discharge due to the presence of

the bayonet. In comparison it is easier to

change catalyst when there is no bayonet tube.

One design option is to have open-ended tubes

in the so-called
'parallel'

scheme but this proc

ess is much less efficient. An extensive review

THE SYNTHETIC FUELS REPORT, APRIL 1999

118



 



NATURAL GAS

of options available for a once-through heat ex

change reformer, which retained separate tube-

side and shell-side streams, led to the final

choice as illustrated in Figure 3.

FIGURE 3

ADVANCEGASHEATED REFORMER
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The design is a standard shell and tube ex

changer layout with fixed tubesheets. However,
the key feature of the design is that each tube

passes through the lower tubesheet, but is not

fixed to it. Therefore, each tube can individually
expand through the tubesheet without imposing
stress on the tube or tubesheet. Because leak

age from the higher pressure tube-side to the

lower pressure shell-side is not desirable due to

the higher methane content of the tube-side

gas, a seal system is provided between the tube

and lower tubesheet.

As with the GHR, gas and steam enter the

catalyst-filled tubes at the top and steam reform

within the tube. The tube diameter is reduced at

the bottom to a slightly flexible tail pipe which

passes through the lower tubesheet, where all

the gas is collected together and passes to the

secondary reformer.

The seal design is unique and was the subject of

extensive research and development. The de

sign ensures that it is not possible for leakage to

occur between tube-side and shell-side during
operation.

The AGHR tubesheet design is different from

the GHRthe tubesheets are separate and act

independently rather than being constructed as

a double tubesheet assembly. This avoids

complex interactions between the two

tubesheets which result in high transient

stresses at startup and shutdown. The benefit

here is that the AGHR can be scaled up to a

methanol plant size of around 5,000 tons per

day with a single tubular reformer.

A further benefit of the AGHR is the ease of

maintenance compared to the GHR, mainly due

to the removal of the bayonets. Many aspects

are similar to a conventional steam reforming

furnace. Catalyst can be vacuumed and re

charged using standard methods. Tube re

moval and replacement is also much simplified.

The final benefit of the simplification is a reduc

tion in cost of the AGHR compared to the GHR

due mainly to the simplification aspects de

scribed above, but also because more catalyst

can be installed in each tube, without the bayo

net, further reducing the number of tubes for a

given duty.

GHR in the F-T Process

Many similarities exist between synthesis gas

requirements for F-T synthesis and methanol

synthesis. Synetix has been working to apply its

developed advanced reforming technology to
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F-T. With an oxygen-based scheme, GHR

technology can be utilized in a Leading Concept
Fischer-Tropsch (LCFT) flowsheet and this

gives certain advantages over AutoThermal

Reforming (ATR) or partial oxidation. The re

forming scheme is similar to that of LCM.

There are a number of F-T syngas making tech

nologies based on the use of oxygen, including
ATR where a heated mixture of gas and steam

is combusted with oxygen and passed over a

reforming catalyst. The inherent feature of GHR

technology is that some of the combustion heat

is recycled by convective heat transfer in the

GHR to allow reforming to take place at a lower

temperature. This means that less oxygen is

needed in order to accomplish complete re

forming in the secondary reformer. This differ

ence is at the root of some significant advan

tages which can be seen in Table 1 which com

pares GHR technology and ATR.

In summary:

The GHR flowsheet produces around

12.5 percent more product for the same

feed rate.

The GHR flowsheet requirements for air

separation are 78 percent of those for

ATR.

ATR requires more power in the process,

but it also generates more steam and

exports more power.

The emission of CO2 from a GHR plant

is 25 percent lower than from ATR.

Overall, Abbott says, the GHR scheme is

slightly more expensive but the extra product

produced outweighs this, especially at the high

premium values of synthetic oil. In terms of

project economics the GHR scheme is esti

mated to give a better rate of return on capital

investment by 1 to 1.5 percent.

SFA PACIFIC SEES PROCESS

IMPROVEMENTS BRINGING LIQUIDS FROM

GAS TO LESS THAN $20/BARREL

Fischer-Tropsch (F-T) chemistry is often re

garded as the key technological component of

schemes for converting synthesis gas (or syn

gas) to transportation fuels and other liquid

products. However, syngas production itself

accounts for more than half the capital invest

ment and a disproportionate share of the oper

ating costs for a Gas-To-Liquids (GTL) complex.

The manner in which syngas is produced can be

TABLE 1

GHRVERSUS ATR COMPARISON

Units GHR ATR

Feed Rate

Product

MMSCFD (Nm7hr)

barrels/day

50 (56,000)
5,850

50 (56,000)
5,200

C02 Vented stpd(mtpd) 0(0) 285 (255)

C02 Emission stpd (mtpd) 720 (650) 970 (875)

Oxygen Rate

Power Export

stpd (mtpd)
MW

1,010(910)
5

1,290(1,160)
15
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influenced by, and in turn can profoundly im

pact, many facets of the overall GTL process

design.

A. Karp and R. Dickenson of SFA Pacific Inc.

discussed the status of commercial and devel

opmental syngas production technologies in the

context of GTL production at the Monetizing
Stranded Gas Reserves 1998 Conference held

in San Francisco, California, last December.

Syngas Generation Technologies

The principal technologies for producing syngas

from natural gas feed are summarized and

compared in Table 1. The predominant com

mercial technology for syngas generation has

been, and continues to be, Steam Methane

Reforming (SMR), in which methane and steam

are catalytically and endothermically converted

to hydrogen and carbon monoxide. An alterna

tive approach is partial oxidation, the exother

mic, non-catalytic reaction of methane and oxy
gen to produce a syngas mixture. SMR and

partial oxidation inherently produce syngas

mixtures having appreciably different composi

tions. In particular, SMR produces a syngas

having a much higher H2/CO ratio. This, of

course, represents a distinct advantage for SMR

in hydrogen-production applications and, in

large measure, accounts for its overall domi

nance among syngas production technologies to

date.

The product syngas composition from either

process can, within limits, be manipulated by

altering various process conditions and/or by
means of additional process steps. Nonethe

less, even with such manipulation, neither SMR

nor partial oxidation is ideally suited to GTL ap

plications. This is due to the fact that F-T syn

thesis calls for an H2/CO ratio of about 2, a

value higher than that achievable with partial

oxidation and lower than that obtainable with

SMR.

A solution to this dilemma, say Karp and Dick

enson, is to use both technologies. For exam

ple, partial oxidation and SMR may be used in

parallel to produce syngas streams that have

differing compositions but, when mixed, form a

total F-T feedstock of the desired composition.

An alternative to this approach is AutoThermal

Reforming (ATR), which combines partial oxi

dation with catalytic steam reforming in one re

actor. The process is
"autothermal"

in that the

endothermic reforming reactions proceed with

the assistance of the internal combustion (or

oxidation) of a portion of the feed hydrocar

bons in contrast to the external combustion of

fuel characteristic of conventional tubular re

forming.

Much of the forward-looking consideration of

syngas production for GTL has focused on ATR.

In part, this is due to the technology's basic

compatibility with F-T feed chemistry require

ments. However, this focus also reflects the

perception that ATR has other attributes

relative compactness, lower capital cost and

greater potential for economies of scalewhich

will contribute significantly to the economic vi

ability of GTL plants.

Air-Blown versus Oxygen-Blown ATR

The importance of syngas production to overall

GTL costs is vividly illustrated in Table 2, which

shows the cost distribution for a facility that is

based on the use of oxygen-blown ATR. As

shown, GTL costs are dominated by capital

charges, which comprise about two-thirds of the

total costs. Syngas production, in turn, accounts

for about half of the capital investment, in part

due to the significant capital cost of the oxygen

plant.

Not surprisingly, the oxygen plant investment

has been an attractive target ofGTL cost-cutting

strategies. This target has spawned both long-

term strategiese.g., the ceramic membrane

reactorand short-term strategies e.g., air-

blown ATR.

However, Karp and Dickenson suggest that air-

blown reforming technology is unlikely to be

economically competitive with oxygen-blown

systems and appears much less flexible. Fac

tors which more than negate the savings asso

ciated with elimination of the oxygen plant in

clude: lower thermal efficiency, high air com

pression power requirements, the inability
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Technology

SMR

Heat Exchange

Reforming

Two-Step
Reforming*

ATR

POX

TABLE 1

COMPARISON OF SYNGAS GENERATION TECHNOLOGIES

(Natural Gas Feed)

Advantages

Most extensive industrial experience

Oxygen not required

Lowest process temperature requirement

Best H2/CO ratio for hydrogen production

applications

Compact overall size and
"footprint"

Application flexibility offers additional

options for providing incremental capacity

Size of SMR is reduced

Lowmethane slip favors high purity

syngas applications

Syngas methane content can be tailored

by adjusting secondary reformer outlet

temperature

Natural H^CO ratio often is favorable

Lower process temperature requirement

than POX

Lowmethane slip

Syngas methane content can be tailored

by adjusting reformer outlet temperature

Feedstock desulfurization not required

Absence of catalyst permits carbon

formation and therefore operation without

steam, significantly lowering syngas

COz content

Lowmethane slip

Low natural H^CO ratio is an advantage

for appliactions requiring ratio <2.0

*SMR followed by oxygen-blown secondary reforming

Disadvantages

H2/CO ratio often higher than required

when CO also is to be produced

Highest air emissions

Limited commercial experience

In some configurations, must be used in

tandem with another syngas generation

technology

Increased process complexity

Higher process temperature than SMR

Usually requires oxygen

Limited commercial experience

Usually requires oxygen

Low natural H^CO ratio is a disadvantage

for applications requiring ratio >2.0

Very high process operating temperatures

Usually requires oxygen

High temperature heat recovery and soot

formation/handling adds process complexity

Syngas methane content is inherently low

and not easily modified to meet downstream

processing requirements
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TABLE 2

ESTIMATED COST OF

FISCHER-TROPSCH LIQUID

Manufacturing Cost

% of Total

Natural Gas@ $0.50/Mscf 14.9

Operating Labor 1.8

OtherOperating Costs 19.2

Capital Charges@ 20%/yr 64.1

100.0

Capital Cost Distribution

% of Total

Caoital Cost

Oxygen Plant 23

Reforming 28

Fischer-Tropsch Synthesis 24

Product Upgrade 13

Power Recovery 12

100

(because of its composition) to recycle F-T tail

gas, and the larger downstream equipment sizes

and pressure drop associated with handling the

much larger volumetric flow of gas.

Also problematic with air-blown operation is the

low heating value of the F-T tail gas. From an

economic standpoint, utilizing this tail gas to

generate power for export sale is a potentially

key contributor to the overall viability ofthe GTL

plant. However, combustion turbine technology
and commercial experience with the use of such

low quality gas remains quite limited.

Outlook

Although not yet confirmed by new, large-scale,
commercial F-T plants, there is good reason to

believe that proposed and future GTL facilities

will be substantially less costly than their expen

sive predecessors. In large measure, such cost

reductions will be attributable to improvements

in F-T catalyst and reactor design, the most sig
nificant ofwhich have been pioneered by Sasol.

At the same time, in the absence of a break

through technology, economy of scale will be

the only significant mechanism by which GTL

can achieve greater economic viability. How

ever, even with further economy-of-scale cost

reductions, the economic viability of GTL plants

will remain confined to special situations until

crude price levels rise substantially.

In the near term, prospects for reduced syngas

generation cost would appear to lie with the ap

plication of ATR as proposed for Qatar and Ni

geria. In addition to providing a landmark dem

onstration of the technology's commercial

readiness, these projects will help confirm its

projected investment and operating cost bene

fits.

The Qatar and Nigeria projects are each pro

ceeding on the basis of two 10,000-barrel per

day trains.

Considerable resources are being devoted to

the development of the ceramic membrane re

actor, with a goal of operating a sizable scale

demonstration facility in 5 to 7 years and re

ducing GTL investment costs by 20 percent. If

realized, these ambitious goals could make GTL

economically viable at crude prices below

$20 per barrel.

ENVIRONMENTAL NEEDS WILL PULL GTL

PROJECTS INTO THE MARKET, SAYS

SYNTROLEUM

Historically, says M. Agee of Syntroleum Corpo

ration, discussions of Gas-To-Liquids (GTL)
technology and its potential have focused

mainly on the supply side. The opportunity to

monetize stranded gas reserves has provided

the push to exploit this technology. With that

mindset, however, many observers have linked
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the fate of the GTL industry to strong crude oil

markets. In San Francisco, California, last De

cemberAgee told participants at the conference

"Monetizing Stranded Gas
Reserves"

that these

observers have mistakenly consigned GTL proj
ects to the shelf until crude prices recover.

Now, however, the exceptional quality of GTL

products, once largely ignored, is commanding
the attention it deserves. The new quality im

perative is asserting itself, asserts Agee, be

cause of a pending crisis confronting the fuels

and automotive industries: existing fuels and

engines are simply not suitable for the future.

They are not capable of satisfying emission or

fuel quality standards even in the years imme

diately ahead. Faced with this impasse, auto

mobile companies, struggling to comply with

demands for low-emission vehicles and more

fuel-efficient transportation, are looking closely
at alternate fuels from GTL These fuels are

seen as an economically and technically feasi

ble way of meeting future fuel requirements.

Government agencies, in the United States and

elsewhere, are moving to establish stricter stan

dards for transportation fuel emissions. They
are looking at options that include methanol,

compressed natural gas, fuel cells, hybrid die-

sel-electric and, more recently, GTL alterna

tives. Oil companies are caught in the middle.

With no attractive options for converting their

increasingly heavier and dirtier crude slates into

the cleaner fuels of tomorrow, they too are

looking at alternatives. Oil companies recog

nize that the fuels of the future are likely to be

designed rather than refined. But designed from

what: And bywhom?

Syntroleum is currently testing its Fischer-

Tropsch (F-T) middle distillates in a number of

alternative fuel formulations. As transportation

fuels, these F-T compression ignition formula

tions offer substantial reductions in harmful ve

hicle emissions; they also have the advantage

of being more economical than other alterna

tives. Thus, says Agee, we see that a strong

pull from the demand side is creating yet an

other spark to jump-start the emerging GTL in

dustry. The quality imperative is, in fact, insu

lating the industry from the soft crude oil mar

kets to which some have concluded, incorrectly,

itwas captive.

The Coming Crunch

Consumers want cleaner air as well as greater

vehicle efficiency. The crisis confronting the

auto and fuels industries stems from govern

ment actions to regulate these desires into ex

istence. The core strategy was adopted

30 years ago and continues today. It involves

progressively stricter limits on transportation

emissions together with higher fuel efficiency

standards. Prodded by governments and the

marketplace, industry has made great strides in

satisfying both demands. However, the incre

mental approach of the past will be inadequate

to meet the significantly more stringent require

ments ofthe immediate and near-term future.

Auto companies cannot achieve standards at

the next level with existing engine designs and

fuels. That also puts refiners on the spot.

Handicapped by increasingly foreign-based

crude slates of lower gravity and higher sulfur

content, refiners are struggling to satisfy rising
volume and quality demands without significant

upgrading investments. These investments of

fermarginal returns at best. On top of emission

restrictions, the refiners must also consider new

limitations on raw materials and their sources.

This is because ofthe United
States'

legal man

date for a significant percentage of certain fleet-

operated vehicles to be fueled by non-petroleum

fuels. Therefore, upgrading investments to fur

ther refine foreign crude oil cannot be the sole

answer.

Refiners must therefore consider radically new

approaches to supply United States fuels mar

kets. Strategies will have to be keyed to com

pliance with different laws and regulations, such

as the 1992 Energy Policy Act (EPACT) and a

number of others. In addition to severe restric

tions on several vehicle pollutants, the Califor

nia Air Resources Board (CARB) has recently

identified particulate emissions from diesel-

fueled engines as Toxic Air Contaminants

(TAG). Once a substance is identified as a

TAC, the law triggers machinery to determine

the need for further control. That process is

already underway. Its outcome is fairly predict

able, and it probably will not be limited to a sin

gle state.
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Present Options Fall Short ofGoals

The alternatives offered as replacements for

gasoline and diesel fuels include electricity,

ethanol, methanol, hydrogen, liquefied petro

leum gas and natural gas.

Electric vehicle technology is reported to be

close to market-ready, but battery cost and

ranges probably limit penetration to select mar

ket niches for the next 5 to 10 years. Hybrid

electric, fuel cell and hydrogen vehicle tech

nologies are in various stages of development

and could play significant roles in the future, but

probably not before 2010.

The alternatives most likely to succeed early on,

according to the United States Department of

Energy (DOE), are alcohol, liquefied petroleum

gas and natural gas.

In the current fiscal year, 1999, 25 percent of all

new federal, state and municipal government

vehicles must be able to run on alternative fu

els. The quota rises to 50 percent in the

year 2000 and to 75 percent thereafter. The

United States Postal Service, in an effort to

comply, is buying 10,000 new delivery trucks

that will be able to run on ethanol or gasoline.

The first are to be delivered for use in the New

York City region. There is just one problem.

While the vehicles sent to New York will be ca

pable of using ethanol, they are not likely to do

so for a good reason: The nearest public etha

nol station is in Indianapolis. So these Alterna

tive Fuel Vehicles (AFVs) will have to use gaso

line.

This example illustrates the obvious: Conver

sion of AFVs is only half the battle, nothing will

result if the alternative fuels are not available

where they are needed.

There is another reason why the switch to alter

native fuels is lagging, says Agee. Nearly all

public transportation vehicles are
diesel-

powered, and there is virtually no
alternative for

diesel. Biodiesel, which was approved as an

EPACT alternative fuel in 1996, is currently the

only option, but it is expensive and not readily

available.

The Synthetic Fuels Option

Experience to date demonstrates one important

principle: The quickest, least expensive way to

achieve the objectives of the law is a solution

that avoids rebuilding of current vehicle fleets

and fuel distribution systems.

In that context, synthetic fuels produced by GTL

processes start with five major attractions:

Free of sulfur, aromatics and metals,

synthetic fuels can meet all the environ

mental requirements contained in the

Clean Air ActAmendments of 1 990.

Produced from natural gas and not pe

troleum, they can qualify by definition as

alternative fuels under the EPACT.

e As liquid hydrocarbon fuels, they can be

delivered to consumers through the ex

isting supply infrastructure.

As high-quality, high-performance syn

thetics similar but superior to existing fu

els, they can fuel the existing vehicle

base without modification.

With abundant raw materials of stranded

natural gas as a feedstock, they are ca

pable of supplying a significant portion of

the United States transportation fuel

market.

Synfuels from natural gas can meet the strin

gent new fuels standards and the still tougher

requirements expected over the next several

years. Because of its high qualitynotably, its

zero sulfur
contentsynthetic diesel has already

demonstrated its value as a blending stock to

upgrade diesel distillates being produced today.

As tough as existing rules are, California is

making them even tougher. In action taken No

vember 5, 1996, CARB adopted the Low-

Emission Vehicle II (LEV II) emission standards.

Beginning with model-year 2004, 25 percent of

cars must be 75 percent cleaner on average

than the current strict standards. By 2007 all
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new model cars sold must comply with LEV II.

Light-duty trucks will be held to the same stan

dards. This means that new vehicles will be

allowed to emit only half a gram of NOx for

every mile driven. Thus, under LEV II, CARB
has made it virtually impossible to introduce

conventional diesel-powered light trucks and

cars in California after 2006.

however, especially in the years just ahead,

quality will rule.

TECHNOLOGY

Opening for GTL Technology

The environmental crunch created by federal

and state laws and regulations poses a crisis for

auto and fuels companies. For GTL producers,

on the other hand, this is a unique opportunity,
says Agee. As products made from natural gas

and not petroleum, synfuels qualify by definition
as potential alternative fuels under the EPACT.

These fuels must still undergo certain govern

ment-mandated tests before being certified as

an alternative fuel. Syntroleum intends to seek

such certification for several fuel formulations.

F-T hydrocarbons have an additional quality that

is critical for the new
"reformulated,"

low-

emission diesel fuels. This is a higher hydro

gen/carbon ratio, which does more to reduce

diesel emissions than boosting cetane. The

higher hydrogen/carbon ratio yields two major

benefits, according to tests by Southwest Re

search Institute. It produces lower NOx and soot

as well. General Motors, Ford and Chrysler are

testing these reformulated diesel fuels in the

DOE-sponsored "Ad Hoc Working
Group."

Un

der an agreement with Chrysler Corporation,

Syntroleum hopes to go beyond current tech

nology and develop true "designer
fuels"

derived

from natural gas that will allow auto manufac

turers to push engine technology into new re

gions of efficiency and environmental cleanli

ness.

Previously, investments in GTL plants have

been
"pushed"

by the desire to monetize shut-in

oil and gas reserves. In the future, GTL projects

may be
"pulled"

just as strongly by an urgent

need for the quality products they can produce.

Upstream, price is still important. Downstream,

METHANOL : BORN IN 1923 AND STILL

GOING STRONG

M. Appl, consultant from Dannstadt-

Schauemheim, Germany, highlighted the devel
opments in industrial methanol production tech

nology since 1923 at the 1998 World Methanol

Conference held in Frankfurt, Germany, last

December.

Methanol History in theWood Age

Up to 1923 "wood
alcohol"

was the only source

of methanol which was needed in increasing
quantities in the chemical industry. In 1924

about 3 million tons of wood were processed

worldwide, which would have corresponded to

about 30,000 tons of methanol. Taking all

products into account by their calorific value,

33 percent charcoal, 6 percent acetic acid,

1.6 percent "wood
spirit"

and around 10 percent

tar, the whole process has a thermal efficiency
of roughly 65 to 70 percent, which is on the

same order of modem methanol plants based

on natural gas.

Synthetic Methanol and Coal Age

With the industrial revolution in the early
19th

century wood was replaced largely by the

fossil energy coal which supplied the increasing
demand for steel fabrication and the mechanical

energy for industrial productions. Along with

this, town gas for city illumination became in

creasingly important and was received as a by
product of coke production for the steel works.

The emerging organic chemical industry found a

great raw-material source in the coal tar, which

was another byproduct. And when the gas from
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the cokeries was no longer sufficient to supply
the needs, gasification processes for coke were

developed by which with steam and heat, hy
drogen and carbon monoxide containing gases

could be obtained. The development of the

technical ammonia synthesis by F. Haber and

C. Bosch was a breakthrough which subse

quently led to a number of chemical processes

including methanol synthesis.

The successful hydrogenation of molecular ni

trogen to ammonia suggested looking at the

possibilities of hydrogenating other molecules.

A. Mittasch and C. Schneider in 1913 suc

ceeded in obtaining oxygen-containing products

which, depending on the catalysts used, con

tained various amounts of methanol. Poor se

lectivity and yield provided not promising pros

pects for a technical methanol synthesis.

After the First World War BASF resumed the

search for a methanol process, after M. Pier had

joined the company. In February 1923 Pier

successfully produced methanol with good se

lectivity at a pressure of 1,000 bar using zinc

chromate as catalyst. On September 26, 1923,
the first tank-car with crude methanol left a

newly installed methanol plant in Leuna, Ger

many.

United States production of synthetic methanol

was started after 1926 by DuPont. Wood

methanol production decreased rapidly, for ex

ample its share was reduced to 50 percent in

1930, and to 20 percent in 1935. One reason

for the quick technical realization of the metha

nol process was that synthesis gas production

technology had already been developed for the

ammonia synthesis. With only minor adapta

tions it was possible to draw a suitable CO/H2

mixture from the syngas train and so quite often

methanol was a side production of ammonia.

In the 1940s high pressure methanol synthesis

based on this technology had a total energy

consumption of around 70 gigajoules per ton

(GJ/t) methanol, which is more than 2 times the

value of a modem natural gas-based methanol

plant.

Low-Pressure Methanol Synthesis and the

Hydrocarbon Age

The advent of hydrocarbon feedstocks and the

development of new gasification and purification

processes was a turning point for all chemical

production based on synthesis gas. Steam re

forming of natural gas began in the 1940s in the

United States, based on developments of BASF

in the 1930s. ICI improved technology and ca

talysis for this process considerably and ex

tended it to naphtha feedstock. Alternatively the

partial oxidation of heavy oil processes devel

oped by Shell and Texaco became an option.

Naphtha-based high pressure methanol plants

came down to a total energy consumption of

around 42 GJ/t methanol.

The steam reforming process, because of the

extreme purity of the synthesis gas, was the

precursor for the technical realization ofthe low-

pressure methanol process. ICI is credited for

the development of low-pressure methanol

technology and its introduction into commercial

methanol production. Successful research ef

forts and pilot plant operation led to the decision

to build the first low-pressure methanol plant in

Billingham in 1966. The process proved to be

much more robust than expected and the cata

lyst for which a minimum lifetime of 6 months

was required, lasted 2 years with the low-

pressure process. The design capacity, origi

nally 300 metric tonnes per day (mtpd), was

greatly exceeded and reached over 600 mtpd.

The rapid acceptance of the new process by the

industry was remarkable. Only one other high

pressure processwas built after 1966.

The first ICI low-pressure plant had an energy

consumption of 36 GJ/t MeOH. Today low-

pressure methanol plants with steam reforming

of natural gas can reach 29 GJ/t methanol.

Not much later in 1969 Lurgi successfully

launched their own low-pressure process with a

10 mtpd demonstration plant followed by a

220,000-metric tonne per year unit in 1970,
which used purified synthesis gas produced by
the Shell Partial Oxidation Process. Different
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from ICI which used for its first plants quench

converters with adiabatic reaction in the individ

ual catalyst beds, Lurgi applied a quasi-

isothermal reactor with catalyst in tubes cooled

by circulation of boiling water.

State-Of-The-Art and Further Development of

Production Technology

In the last 30 years, says Appl, methanol pro
duction has become a mature technology and

considerable progress has been made in the

synthesis section especially with respect to

catalyst performance and converter design.

Synthesis gas production technology has prof

ited enormously from the developments in the

ammonia field, with respect to catalysts, materi

als and designing skills. The single-train con

cept, integrated-steam and energy systems and

the introduction of the centrifugal compressors

are mentionable.

Reliable and innovative catalyst producers and

experienced contractors are essential for the

progress in methanol technology development.

Today there are four catalyst suppliers and

complete proprietary processes for methanol

synthesis are available from six companies: ICI

Lurgi, Topsee, Mitsubishi, M.W. Kellogg and

Uhde.

Design figures for converters can be today as

high as 25 tonnes per day methanol per cubic

meter catalyst. A good catalyst in a natural gas-

based plant may over its lifetime of about

4 years produce 20,000 to 25,000 tonnes or

more methanol.

Energy consuming steps, like synthesis gas and

recycle gas compression, and also the distilla

tion achieved considerable improvements. En

ergy recovery in the gasification and synthesis

loop is another key area. In modem methanol

plants, especially in natural gas-based steam

reforming plants, a surplus of energy which ei

ther has to be exported as steam or by inclusion

of a generator as electric power is available.

Figure 1 shows how the total energy consump

tion has been improved over the years.

FIGURE 1

METHANOLENERGYCONSUMPTION
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SOURCE: APPL

Future Perspectives

The synthesis of methanol from carbon oxides

and hydrogen produced from fossil feedstock

has reached the status of a rather mature tech

nology with not much improvement potential

left, says Appl. But in principle the synthesis

gas route (even with an energy efficiency of

74 percent) is still energetically inferior to the

direct oxidation ofmethane to methanol.

For the established technology (the low-

pressure methanol process) the selectivity is

high, in excess of 99.8 percent. Conversion per

pass depends on process conditions, but can be

as high as 40 percent. The recycle of the non-

reacted gas in the synthesis loop raises the

overall conversion of carbon in the feedstock to

88 to 94 percent. These figures are challenging

targets for a direct oxidation process.
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Appl makes the following broad predictions:

e Methanol will be produced in the fore

seeable future from synthesis gas with

the established technologies. Natural

gas will remain the preferred feedstock

and it will be processed by steam re

forming.

e For heavy feedstocks such as coal and

heavy oil fractions, gasification to carbon

oxides/hydrogen mixtures and synthesis

will remain the only method.

The established technology has only a

marginal potential for further reduction of

the energy consumption.

With the existing applications of metha

nol the demand should grow in the near

future at a rate of 3.5 percent per year.

When the methanol fuel-cell-powered

car comes at the end of the second dec

ade of the next century an increase of

the methanol demand by 170 percent

could develop.

Further market consolidation will reduce

the number of independent smaller

methanol producers.

Increasing competition from ethanol in

the fuel sector is not likely to occur.
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