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BRITISH COLUMBIA HYDRO AND POWER AUTHORITY
HAT CREEK COAL UTILI2ATION STUDY

EXECUTIVE SUMMARY

The studies reported below were performed by North American
Mining Consultants, Inc. in association with companies of
the Stone & Webster Organization. .- Canadian Resourcecon Lim-
ited were sub-contracted to prepare data on the Canadian
liquid fuel and petrochemical markets for use in the study.

The purpose of the study was to identify and investigate
potential uses for Hat Creek coal which could be considered
as alternative or complementary to its use for the pro-
duction of electric power; to describe those processes which
appeared to offer technically and economically viable pos-
sibilities; and to describe potential markets for the coal
and its conversion products.

The ground base for this study was laid by a similar study
completed in 1977 [Ref. 1] and this report is essentially an
update of that earlier study taking into account the addi-
tional data that has become available from mining studies;
investigations of coal beneficiation; coal quality and pro-
perties related to conversion processing; major changes that
have occurred in the Canadian energy resource situation;

and significant developments in coal processing technology.

The work reported here is based upon information and reports
supplied by B.C. Hydro and Power Authority, literature re-
views, interviews and enquiries. No field work at Hat Creek
and no laboratory, pilot or demonstration work has been un-
dertaken.
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5. Attention is drawn to the following general remarks:

(1)

(ii)

(iidi)

Technology

Since the previous report, major research and develop--

ment work has continued in the United States, West
Germany, Great Britain, Australia, and South Africa,
with increasing contributions by other countries in-
cluding Canada. However, the preponderant develop-
ments; particularly to commercialization of new coal
gasifféatioq and liquefaction processes, have been in
the United States and West Germany. South Africa
has completed the Lurgi-based SASOL II and is build-
ing SASOL III; and has developed the Koppers-Totzek
based ammonia plant of AECI to reliable operation.
Every effort has been made to keep abreast of pro-
gress in these countries and to present the status
as it exists at March 1981.

Environmental Engineering

The Government of British Columbia has not yet is-
sued specific regulations governing the design and
operation of coal conversion plants. Specific dis-
cussions have been held with members of the environ-
mental departments of the provincial government and
B.C. Hydro and Power Authority,and Section 6 of this
report is partly the outcome of those discussions
and partly the outcome of applying what is presently
regarded as the best available control technology.

Capital and Operating Costs

Apart from the plants in South Africa, no full-scale
commercial coal conversion plants have been built
since completion of the previous study. However,

some demonstration scale plants have been construc-
ted in the United States and Germany, and a number

of organizations, including the NAMCO parent organi-
zations, have produced cost estimates for the majority
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of the processes selected for investigation in this
report. This data, after suitable amendment for scale,
inflation, and location at Hat Creek, has formed the
basis of the present economic evaluation. But it must
be emphasized that, in the absence of construction and
operation of full-scale commercial installations in
North America, the costs employed in this report are

not equivalent to those derived from detailed and final
engineering design and construction for any of the cases
considered.

(iv) Product Markets

In considering markets, prices, and revenues fqr poten-~
tial coal-conversion products, provincial, North Ameri-
can, and world reference frames have been empleoyed as
appropriate to the particular product considered. The
impact of the most recent Canadian energy policy state-
ment, as outlined by the Federal Finance Minister (Octo-
ber 1980), has been taken into account, but, and again
it must be emphasized, no detailed market studies were
carried out for any of the products covered in this re-

port.

Conversion Processes - Basis of Selection

The processes selected for economic evaluation in this study
are listed in Table 3.l1. After preliminary discussions with
B.C. Hydro it was determined that the various processes to be
selected for evaluation should be to a common base equivalent
to 316.5 TJ/day, eguivalent to 8000 m3/day (50,000 b/d)1ligquid
fuels, this size approximating the coal energy requirements
of a 2000 MW2 electric powér generating plant. This list is
the result of a systematic elimination of a large number of
potential processes for converting Hat Creek coal to upgraded
solid, liquid or gaseous products. The reasons for elimina-
tion have been discussed separately in Sections 2, 3, and 4
of this report, but are summarized as follows:



Table 3.1 Processes Selected for Evaluation

Appendix D
Process Type Process Description ' Case Figure Table
A. Direct hydrogenation¥ H-Coal Al Dl.1 3.3
EDS . A2 D1.2 3.3
SRC-I1 A3 Dl.3 3.3
_ SRC-1 A4 Dl.4 3.3
B. Fischer-Tropsch synthesis Texaco gasification Bl Dl.5 3.4
Koppers gasification B2 D1.6 3.4
Winkler gasification B3 p1.?7 3.4
Lurgi (Sell Fines) gasification B4 D1.8 3.4
Lurgi (Maximum Power) gasification BS D1.9 3.4
Lurgl & Texaco combination B6 D1.10 3.4
Lurgi & Koppers combination B7 D1.11 3.4
' . ]
C. Methanol synthesis Texaco gasification . Cl D1.12 3.6 ﬁ.
, Koppers gasification Cc2 pl.13 3.6
Winkler gasification Cc3 D1.14 3.6
Lurgl (Sell Fines) C4 Dl1.15 3.6
Lurgl (Maximum Power) c5 D1.16 3.6
Lurgl & Texaco combination cé Dl1.17 3.6
Lurgi & Koppers combination c? D1.18 3.6
D. Methanol to Gasoline Texaco gasification D1 D1.19 3.7
Koppers gasification D2 . D1.20 3.7
Winkler gasification ' - D3 ~ D21 3.7
Lurgi (Sell Fines) D4 D1.22 3.7
Lurgi (Maximum Power) D5 D1.23 3.7
Lurgi & Texaco combination D6 D1.24 3.7
Lurgi & Koppers combination D7 D1.25 3.7
E. Production of synthetic Methanation based on Lurgi El D1.26 3.10

natural gas (SNG) - gasification

*Cases Al, A2 and A3 produce 1iquid fuels and Case A4 (SRC-I) produces mainly clean solid botler
fuel by hydrogenation.
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Coal~related factors

Any conversion process considered must be compatible
with or adaptable to the particular properties of
Hat Creek coal.

Process-related factors

The time frame of the study requires that any proces-
ses considered must be already commercially proven or
at such an advanced stage of demonstration that engi-
neering design of a commercial plant éould reasonably
be undertaken at the present time.

Market-related factors

The primary questions addressed in considering market
opportunities for Hat Creek coal conversion products
have been to determine whether a demand presently

" exists or will develop in the foreseeable future, the

size and location of that demand, and the potential
revenues. These considerations have been influenced
by the extremely large reserves of ﬂatural gas that
have been discovered in the Province, the small and
diminishing market for heavy fuel oils, the excess ca-
pacity situation in the world nitrogenous fertilizer
market, and the continuing concern over the future
supplies of transportation fuels. Other factors have
been the absence of ‘a developed industrial market in
the immediate vicinity of Hat Creek and the necessity
for transportation of the products to the Lower Main-
land. 1In general, it has appeared clear that the pri-
mary thrust for conversion processes, as an alterna-
tive to electric power generation, should be directed
to production of liquid fuels.

Table 5.0 presents a summarized breakdown of the pro-
cedures employed for process elimination and selection.



Table 5.0 Process Selection - Utilization of Hat Creek Coal

Type of Process

I  Solid Application
a) Direct Combustion

b) Benefticlation

¢) Active Carbon

d) SRC

IT Gaseous Fuel Production

a) Low BTU Gas

b) High BTU Gas

) Substitute Natural Gas

Related Factors

Studied in separate evaluation

Coal unsuitable for beneficiation

Application of coal to water treat-
mént taking advantage of ion ex--
change capability.

Solid solvent refined coal (SRC) is
produced by the hydrogenation of
coal at low severity.

Lack of local industrial market for
products rules against production from
Hat Creek coal.

Appears to be an unattractive option
in view of abundant supplies in B.C.
at present.

Decision

Study has objective of evaluation
options which are competitive with
combustion of Hat Creek coal.

Beneficlation studies not included.

Study excluded because of lack of
local market for application.

Rejected in favor of more severe
hydrogenation processes which make
liquid products.

Rejected LBG as method of utiliza-
tion.

Rejected HBG as method of utiliza-
tion

Evaluate'comparative economics of
SNG vs. coal liquefaction. BRase
study on Lurgi gasification process.

TrIAX




Table 5.0 (continued)

Type of Process Related Factors Decision

II Gaseous Fuel Production (continued)
Gasification Processes

i) Lurgl Process Hat Creek coal is reported, on the basis Evaluate indirect coal liquefac-
of laboratory tests, to be a satisfactory tion based on:
feedstock for Lurgi Fixed Bed gasifiers
but this is contingent on the removal of
fines smaller than 13 mm from the feed,
These constitute a substantial proportion
of total coal to plant and economic fac- b) sale of excess fine coal.
tors are critically dependent on satis- -
factory utilization of the fines.

a) combustion of excess fine
coal and export of any ex-
cess power

c¢) gasification of excess fine
coal by the Koppers and
Texaco processes, 5

Evaluate SNG production based on ;'
Lurgli gasification process.

1i) Koppers Process Koppers entrained bed process would ) The Koppers Process could be used
be satisfactory for the gasification as a feasible alternative to the
of Hat Creek coal. However, low Lurgl process. Perform economic
pressure gasification is expected to evaluation based on best available
be uneconomical as basis for indirect data for indirect coal liquefactio

coal liquefaction.

1i11) Texaco Process The Texaco, entrained bed, high pres- Estimate economics of indirect coa’
sure process based on water slurry liquefaction using the best avail-
feed is in the developmental phase. able data. Perform evaluation in
Application to Hat Creek coal is a order to recognize if this second
possibilicty but this could only be generation technology offers po-
proved based on a pilot test comparing tential future advantages to B.C.
it with other gasifiers. Hydro.
iv) Winkler Process Hat Creek coal is potentially gasifi- Develop order of magnitude compar-
able by a fluidized bed process and ative economics based on Winkler
closely related data based on lignite gasification applied to indirect

gasification is available. coal liquefaction,



Table 5.0 (continuedi

Type of Process

II Gaseous Fuel Production (continued)
Gasification Processes
v} Other Processes

British Gas/Lurgi
Slagging Gasifier
Cogas
Shell Koppers

IITI Liquid Fuel Production
i) Direct coal Liquefaction

NCB Processes

Super Critical Gas Extraction
and

Liquid Solwvent Extractlon

Related Factors

Hat Creek coal has been showm to lig-
uefy readily and with high carbon con-
version efficiencies in laboratory tests
of direct hydrogenation., It is a poten-
tial feedstock for processes derived
from Potte Broche (uncatalyzed) and
Bergius (catalyzed) processes. However
this 1s contingent on satisfactory re-
moval of the mineral residues (ash).

Preliminary investigations have been
carried out of applicability to Hat
Creek coal. Only the supercritical
extraction results appeared to be un-
satisfactory as a basis for commercial
application,

Decision

Excluded from consideration be-
cause these processes are not
available for application to Hat
Creek coal in the near future.

Include direct hydrogenation by
SRC-I, SRC-II, H-Ccal and EXXON
Donor Solvent processes.

Exclude long-term prospects such
as the DOW coal liquefaction pro-
cess and the EPRI short residence
time approach. Though it could be
applicable, the Coansol (Conoco)
process was excluded from consid-
eration because of the lack of
current activity in 1its develop-
ment ,

Economic study not carried out be-~
cause processes are not available
for commercial application in the
near future.




Table 5.0 (continued)

Type of Process Related Factors Decision

ii1) Indirect Coal Liquefaction

Processes for production of liquid
fuels based on synthesis gas feed-

stocks.

a) Fischer-Tropsch Process is well established in.com- Evaluate order of magnitude
mercial service based on low grade economics of Fischer-Tropsch
coal (South Africa). Process lacks technology applied in associ-
capability to satisfy gpecific syn- ation with above selected
thetic fuel needs. However, it could gasifiers viz. Lurgi, Koppers,
assume national importance as a source Texaco and Winkler,
of synthetic fuels,

b) Methanol Methanol production processes are Evaluate order of magnitude
well established. For all practi- economlcs of methanol tech- %
cal purposes methanel production nology with above selected ﬁ.
based on coal equals Fisher-Tropsch gasifiers (as for Fisher-
technology in commercial feasibility. Tropsch).

¢) Methanol Conversion to

Gasoline In view of the lack of a general methanol Evaluate order of magnitude
based economy, the conversion of methanol impact of producing gasoline
to gasoline may be the best near term rather than methanol., Use
policy for utilizing coal gasification. best available published data
Process has excellent specifications for on the Mobil process.

producing motor fuels.

IV Pyrolysis Poor yleld of liquid products obtained in Rejected pyrolysis as method
Fisher Assay test. of utilization of Hat Creek
coal,
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Coal Quality

The coal quality specification, provided by B.C. Hydro, on
which the study has been based, is shown in Table 2.1.

Other coal properties important in coal processing are dis-
cussed in detail in Section 2.

Comparative Process Performance

Comparative process performance data for these conversion
processes listed in Table 3.1 are summarized in Table X.

The values shown are based on one tonne of Performance Blend
coal.

Where no value is shown for electrical power, the process is
self-sufficient. A positive value indicates a small_expoft
surplus, values in parantheses indicate a net import require-
ment. In all cases, emergency power generation necessary to
ensure smooth shutdown of plant is provided within the bat-
tery limits.

Coal Conversion Product Markets

(i) The supply, demand, capacity, and prices of non-renew-
able energy resources with which coal-conversion pro-
ducts could supplement, substitute or compete are dis-
cussed in Section 4. The products discussed are -

Crude 0il

Natural Gas

Liguified Petroleum Gases
Ethylene

Motor and Aviation Gasolines
Diesel Fuels

Methanol

Methyl Tertiary-Butyl Ether (MTBE)
Benzene, Toluene, and Xylenes
Petrcleum Coke

Ammonia



TABLE 2.1 HAT CREEK COAL QUALITY

“PERFORMANCE" "DESIGN WORST" LURGI PLANT SUPPLY
BLEND BLEND
GASIFIEPR (+13MM) FINES {(-13MM) STEAMCOAL TOTAL COAL
AS REC'D DRY AS REC'D DRY AS REC'D DRY AS REC'D DRY AS REC'D DRY
BASIS BASIS BASIS BASIS BASIS . BASBIB BASIS BASIS BASIS BASIS
YIELD 100 76.5 100 77.5 64 48.64 36 27.90 100 76.5
PROXIMATE ANALYSIS:
Moisture 23.5 - 22.5 - 24.0 - 22.5 - 23.5 -
Volatile Matter 25.2 32.94 24.0 30,97 26.60 . 35.00 22.8B6 29.5 25.2 32.94
Ash 25.6 33.46 29.5 38,06 22,23 259,25 31.78 41.0 25.6 313,46
Fixed Carbon 25.7 33,60 24.0 310.97 27.17 ' 35,75 22.86 29.5 25.7 33.60 § .
l-l.
100.0 100.00 100.0 100.00 100.00 100.00 100.00 100.0 100.00 100.00 -
'.l.
GROSS CALORIFIC VALUE ({(HHV)
MJ/Kg 13.85 18.10 12.711 16.40 ) 14.688 19.58 12.07 15.58 13.85 18.10
Btu/1b, 5,955 7.784 5,465 7,052 6,398 8,419 5,190 6,699 5,955 7.784
ULTIMATE ANALYSIS: )
Carbon 35.30 46.14 32.40 41.82 37.29 49,06 31.70 40.91 35.30 46.14
Hydrogen 2,80 3.66 2.70 3.48 2.96 3.89 2.52 3.25 2.80 3.66
Nitrogen a.70 0.92 0.70 0.90 0.74 0.98 0.63 0n.81 0,70 0.92
Sul fur : 0,39 0.51 0.55 0.71 0.41 0.54 0.35 0.45 0.39 0.51
Chlerine 0.02 0.03 0.03 0.04 0.03 0,04 0.02 0,03 0.02 0.03
oxygen {(Difference) 11.69 15.28 11.62 14.99 12,34 16.24 10.50 13.558 11.69 15.28
{Moigture) {23.50) - (22,59) - {24.00) - (22.50) - {23.50) -
{Ash) {25.60) 331.46 (29.50) 38.06 (22.23) 29,25 {31.78) 41.00 (25.60) 33.46
100.00 100.00 100.00 100.00 160.00 100.00 100.00 100,00 100,00 100.00

[Ref. 3]



Table X

Performance Data Summary - Estimates Based on One Tonne of Performance Blend Coal

Direct Coal Liquefaction

H-Coal
EDS
SRC-T11
SRC~-1

Indirect Coal Liquefaction

Fischer-Tropsch

Based
Based
Based
Baged
Based
Based
Based

on
on
on
on
on
on
on

Methanol

Based
Based
Based
Based
Based
Based
Based

-----------'—--------[

on
on
on
on
on
on
on

Texaco

Koppers

Winkler

Lurgl (max power)
Lurgli (sell fines)
Lurgi & Texaco
Lurgl & Koppers

Texaco

Koppers

Winkler

Lurgli {(max. power)
Lurgi (sell fines)
Lurgi & Texaco
Lurgi & Koppers

Thermal
Efficiency

Percent

60
50
60
63

35.2
1.3
30.7
36.4
35.1
5.6
35.1

50.9
42.1
48.3
49.0
49.0
4§9.4
47.6

— - Product Fuels GJ/tonne

Gas

Liguid

Solid

0.14
0.14
0.14
0.15
0.15
0.17
0.17

8.3
6.9
8.3
1.74

4.39
4.38
4.27
4.62
4.62
5.23
5.23

6.67
6.63
7.13
6.79
6.79
7.65
7.69

Coal

Fines

———
Blec. Power
{consumad

0.12
{0.12)
{0.18)

0.10
(0.59)
(0.46)
{0.53)

0.14
(0.63)
(0.29)

{0.67}
(0.57)
(0.78)

Water
Consumption

ualtonna

0.76
0.69
0.76
0.69

0.74
0.72
0.57
0.75
0.69
0.80
0.80

0.73
0.72
0.58
0.90
0.76
0.90
0.90

ATXX




Table X {(continued)

Indirect Coal Liguefaction (continued)

Thermal - Product Fuels GJ/tonne -~ Water
Efficiency Gas Liquid Solid Coal Elec. Power Congumption
Percent Fines consumed m_/tonne
Methanol to Gasoline ~
Conversion
Based on Texaco 47.1 1.07 5.22 - - 0.09 0.60
Based on Koppers 39.8 1.06 5.18 - - {0.68) 0.60
Based on Winkler 44.7 1.12 5.47 - - {0.31) 0.40 §
Based on Lurgl (max. power) 46.6 1.04 5.08 - - 0.12 0.67 <
Based on Lurgi {(sell fines) 45.2 1.04 5.08 - 2,06 ) (0.62) . D.62
Based on Lurgi & Texaco 45.6 1.20 5.84 - - (0.56) 0.64
Based on Lurgl & Koppers 44.4 1.21 5.88 - - (0.74) 0.64

Substitute Natural Gas

Based on Lurgi (max. power) 60.0 8.31 - - - - 1.3



10.

(ii)

(iii)

(iv)

Comparative Process Economics

(1)

xxvi

The data cannot be conveniently summarized in a single
table, and reference is made to Tables 4.1 - 4.5Q of
Section 4.

The marketing studies are in general terms and are

not specific and detailed for any single product.
However, they support the conclusion  that conversion
to light liquid (transportation) fuels and chemical
intermediates is the preferred conversion option. In
accordance with the Canadian Energy Policy (October 1980)
it is assumed that product prices will correspond with
world posted crude oil prices by the time production
would commence (1988/1989).

There is a limited and diminishing market for heavy
fuel o0ils in the Province, and indeed in Canada as a
whole as a result of recently pursued peclicies to re-
strict oil consumption in electric power generation.
It is assumed that this progression will not now bhe
reversed, and has an important bearing on reducing
the attractiveness of the processes for coal conver-
sion to liquids by direct hydrogenation.

The appreciable and continuing surplus of world capa-
city over demand for ammonia and nitrogenous ferti-
lizers renders ammonia production at Hat Creek un-
attractive. Any ammonia produced will meet a highly
competitive market situation based mostly on natural
gas feedstocks.

The method and requirements of the economic analysis
are outlined in the Terms of Reference (Appendix A)
and the Financial Economic Criteria (Appendix B).



(iii)

{(iv)

(v)

xxvii

The latter required that economic comparison is
based on Net Present Values of Gross Profit Margins
for project lives of 30 years at discount rates vari-
able in the range 3 - 10 percent. B.C. Hydro indi-
cated that these interest rates, similarly applied to
coal mining costs, would increase delivered coal
costs in the range $10 - $14 per tonne, and levels of
$10, $12, and $14 have been employed.

Additionally, preliminary sensitivity analyses have
been performed which allow increases of up to +100
percent in capital costs estimates and reductions of
up to -40 percent in revenues estimates.

A complete listing of financial criteria and assump-
tions employed is provided in Section 5.2.

The financial results of applying these criteria and
assumptions to the twenty-six cases listed in Table 3.1
are shown in Tables 5.6 to 5.%9A of the report. The
cases providing ‘the largest surpluses of revenues over
operating costs (gross margin) are as follows -

Process Type Process Description case No.
Direct Liquefaction H-Coal al
Indirect Liquefaction
Fischer-Tropsch Lurgi (Max Power) B5
Methanol L " " c5
Mobil-Gasoline " " " D5

These cases were, therefore, selected for a more de-~
tailed financial sensitivity analyses, the results of
which are summarized in Tables 5.10 - 5.13 and Fig-
ures 5.1 - 5.8 of the report, and in Figure 5.9 on the
following page.
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(ix)

(x)

S xXxix

A similar previous study, completed in 1977, had found
that conversion of Hat Creek coal to synthetic natural
gas (SNG) affered advantages over other processes in
the then existing state of energy resources and markets.
Since that time, the natural gas resources outlook

has immensely improved but, nevertheless, a financial
analysis was carried out in direct comparison with
those cases listed in the previous paragraph. The re-
sults are summarized in Table 5.14, assuming that the
SNG would be sold at a price 4.27/GJ ($4.50 MMBTU) com-
parable with the current export price.

In interpreting the results in these tables and fig-

ures it should be borne in mind that the financial
analysis does not make provisions for taxation rates

‘applicable to corporations and does not allow for de~-

preciation. With these provisos, the results indicate
that financial viability of the selected processes may
be ranked

H-Coal

Methanol
M=-Gasoline
Fischer-Tropsch.

For reasons stated earlier, the present study assumes
that each process listed is equally technically viable
at the present time.

Also as previously stated, the H-Coal Process is con-
sidered less viable in marketing terms because it pro-
duces substantial proportions of less-marketable heavy
fuel oil.

The ultimate ranking is therefore -

Methanol
M-Gasoline
Fischer-Tropsch




XXX

This order compares favorably with current views in
the U.S.A. where coal conversion to methanol and
M-Gasoline appears to be more favorably regarded,
judging by the numbers of proposed projects, to that
based on Fischer-Tropsch synthesis,

11. Enviropmental Impacts

(1)

(ii)

(iii)

(iv)

(v}

The British Columbian government has not yet issued
regulations which deal specifically with the control

of emissions from coal conversion plants. This

study has, accordingly, considered those regulations
governing thermal electrical power generation and pe-
troleum industry processes.

Processes for conversion of Hat Creek coal studied in
this report are considered to be operable within these
environmental control regulations, and this study has
further considered the best available contrel technol-
ogy procedures for estimating the attendant costs.

It should be noted that one consequence of operating
a coal-conversion plant as an alternative to a thermal
electric power generating plant at Hat Creek will be

a reduction by 30 - 50 percent in the incidence of low

grade thermal pollution in the Hat Creek region for
similar rates of coal utilization. Thig difference
represents the difference in thermal efficiency and
is accounted for by the increased energy content of
the conversion products transported from Hat Creek as
compared with the electrical energy transmitted.

In contradistinction, the impact on the environment
by importing a large work force for construction will
be two to three times greater in the case of coal con-
version plant compared with 2 power station.

The most important items concerned with environmental
impact and control are summarized in Table 6.17.




* * &
Table 6.17 Comparison of Coal Conversion and Power Generation

Facilities Operating Parameters

Lurgi-
Koppers- Fisher Tropsch Direct Power

Parameter (t/d4) Methanol {(Max. Power) Liquefaction Generation

Coal Requirement 48,030 66,395 ) 38,095 40,500

Water Requirement 34,600 51,600 . 28,800 100,200

Particulate Emission 3.4 14.6 3.1 17

Sulphur Emission o
(as S) 11.4 42.3 10.1 75 §
Solid Wastes (dry) 12,350 17,290 9,800 10,830 k-

*
Plant sizes equivalent to 316.5 TJ/day of coal conversion products

**
Equivalent to 2000 MWe
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12 Conclusions

12.1 This study finds that the conversion of Hat Creek

coal to light liquid fuels -

(1)

(ii)

(iii)

is best suited for future energy and petro-
chemical market needs in British Columbia

may be technically viable by several alterna-
tive process routes but additional investiga-
tions and development work will be required
in confirmation

is economically viable within the Terms of
Reference and economic/financial criteria
imposed on the study.

This utilizatiqn offers a technically and economically
viable alternative to the use of the coal for thermal

electric power generation.

N.B.

It should be noted, however, that the provision of
a thermal electric power generation plant and/or a
coal conversion plant are not mutually exclusive
concepts for utilization of the huge coal deposits
at Hat Creek. It is considered feasible, given
suitably expanded mining plans, to produce suffi-
cient coal to supply both such facilities simulta-
neously. And while these may be best operated un-
der separate managements there could, by suitable
integration of services, be synergistic effects
tending to improve the overall utility and econom-
ics of the complex. In this context it may be
noted that some of the alternative processes con-
sidered in this report require local generation

of about 700 MWe of electric power.




12.2

12.3

12.4

12.5

12.6

12.7

12.8

xxxiii

The most attractive of these alternate uses and the eco-
nomic limits within which they are viable, are illustra-
ted in Figures 5.1 - 5.9. These processes, ranked in de-

scending order are -

(1) H~-Coal Process

{(ii} Lurgi/Methanol Synthesis Process
(iii) Mobil Methanol-to-Gasoline Process

(iv) Lurgi/Fischer Tropsch Process.

However, the H-Coal Process has not yet been commercially
demonstrated to the same degree as the Methanol and
Fischer-Tropsch Processes, and its heavier oil products

are not as readily marketable.

The limited market in Western Canada for heavy fuel oils
renders the Solvent Refined Coal‘processes unattractive.

The conversion of Hat Creek coal to Synthetic Natural Gas
(SNG) is not economically viable at current gas export

prices,

There appears to be no opportunities for usefully conver-
ting Hat Creek coal to upgraded solid products.

The low yields of liquid products on pyrolysis of Hat
Creek coal preclude its use for combined pyrolysis/thermal
electric power generation applications.

The processes for conversion of Hat Creek coal to light
liguid fuels listed in 7.2 can be operated within current
environmental control regulations,and this study has in-
cluded the best available control technology procedures,
with attendant costs.

There have been no developments in coal-cleaning techniques
during the past five years which are encouraging for the
cleaning and beneficiation of Hat Creek coal in the future.
All uses of the coal must, therefore, continue to be pre-
dicated on a low-rank, low-grade gquality feedstock.




12.9

12.10

Xxxiv

Although Hat Creek coal exhibits adsorptive and ion ex-
change properties, its use as a medium for effluent
treatment and wastewater purification is not recommended
for the following reasons:

(i) These properties are not extraordinary as com-
pared with other commercially available water
treatment materials

(ii) the presence of swelling clays in the coal will,
themselves, create a serious water treatment
problem through dispersion in the water being
treated

(iii) the coal cannot be economically regenerated and
' it is a low-grade fuel

(iv) the coal cannot be prepared and transported to
industrial regions for use in water treatment
at costs competitive with existing materials and
methods.

The chemically and structurally bound water in the minerals
present in Hat Creek coal, by interfering with the Standard
methed of analyses, may cause misleading proximate and ulti-

mate analyses.



1.1

1.2

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY
HAT CREEK COAL UTILIZATION STUDY

INTRODUCTION

The studies reported below were performed by North Amer-
ican Mining Consultants, Inc. in association with com-
panies of the Stone & Webster Organization. Canadian
Resourcecon Limited were sub-contracted to prepare data
on the Canadian liquid fuel and petrochemical markets

for use in the study

The purpose of the study was to identify and investigate
potential uses for Hat Creek coal which could be con-
sidered as alternative or complementary to its use for
the production of electric power; to describe those pro-
cesses which appeared to offer technically and economi-~
cally viable possibilities; and to describe potential
markets for the coal and its conversion products.

The ground base for this study was laid by a similar
study completed in 1977 [Ref. 1] and this report is es-
sentially an update of that earlier study taking into
account the additional data that has become available
from mining studies; investigations of coal beneficia-
tion; coal quality and properties related to conversion
processing; major changes that have occurred in the
Canadian energy resource situation; and significant de-

velopments in coal processing technology.

The Terms of Reference for the work are shown in Appen-

dix A.




1.5

1.6

1.7

1.8

The Economic/Financial Criteria governing the economic
analysis are set out in Appendix B.

A computer program was produced as part of the work to pro-
vide an extended sensitivity analysis and to allow rapid es-
timations to be made of the effect of variation in major
elements of the economics of coal conversion. This program
is set out in Appendix C.

The work reported here is based upon information and reports
supplied by B.C. Hydro and Power Authority, literature re-
views, intetrviews and enquiries. No fieldwork at Hat Creek
and no laboratory, pilot or demonstration work has been un-
dertaken. As recorded in the previous Study [Ref. 1] the
available information remains insufficient in some important
areas of the work and a number of additional laboratory and
pilot investigations will be required before progress from
the present conceptual-only stage can be made. Subjects
where additional information is required are indicated in the
technical reviews. Some of the necessary investigations are
in progress for B.C. Hydro by certain other organizations at
the present time but final results are not yet available.

Attention is drawn to the following general remarks:
(i) Technology

Since the previous report, major research and de-
velopment work has continued in the United States,
West Germany, Great Britain, Australia and South
Africa with increasing contributions by other coun-
tries including Canada. However the preponderant




(i1)

{iii)

developments, particularly to commercialization
of new coal gasification and liqueféction pro-
cesses, have been in the United States and West
Germany. South Africa has completed the Lurgi-
based SASOL II and is building SASOL III; and
has developed the Koppers-Totzek-based ammonia
plant of AECI to reliable operation. Every ef-
fort has been made to keep abreast of progress
in these countries and to present the status as
it exists at March 1981,

Environmental Engineering

The government of British Columbia has not yet
issued specific regulations governing the design
and operation of coal conversion plants. Spe-
cific discussions have been held with members of
the environmental departments of the provincial
government and B.C. Hydro and Power Authority
and Section 6 of this report is partly the out-
come of those discussions and partly the outcome
of applying what is presently regarded as the
best available control technology.

Capital and OQOperating Costs

Apart from the plants in South Africa no full-
scale commercial coal conversion plants have been
built since completion of the previous Study.
However some demonstration scale plants have been
constructed in the United States and Germany, and
a number of organizations, including the NAMCO
parent organizations, have produced cost estimates
for the majority of the processes selected for

A




investigation in this report. This data, after suit-
able amendment for scale, inflation and location at

Hat Creek, has formed the basis of the present eco-
nomic evaluation. But it must be emphasized that, in
the absence of construction and operation of full scale
commercial installations in North America, the costs
employed in this Report do not correspond to those gde-
rived from detailed and final engineering design and
construction for any of the cases considered.

{iv) Product Markets

In considering markets, prices and revenues for po-
tential coal conversion products, provincial, North
American and World reference frames have been em-
ployed as appropriate to the particular product con-
sidered. The impact of the most recent Canadian
energy policy statement, as outlined by the Federal
Finance Minister (October 1980) has been taken into
account but, and again it must be emphasized, no de-
tailed market studies were carried out for any of the
products covered in this Report. .
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GENERAL TECHNICAL CONSIDERATIONS
Coal Properties

Specification of Coal Quality

Since the previous study [Ref. 1] in which the available analy-
sis and test data on Hat Creek coal were reviewed and interpre-
ted in detail, additional data have become available from the
continuing series of laboratory investigations, pilot and full
scale trials by a number or organizations on behalf of B. C.
Hydro. This additional test work has included hydrogenation
ligquefaction; pilot scale pulverized coal combustion; commercial
scale thermal generating plant trials; pilot washing trials;
laboratory scale beneficiation trials employing gravity sepa-
ration in a dry, fluidized cascade system; and laboratory scale
beneficiation trials employing dry, electrostatic separation

methods.

Much of the work has confirmed the unusual nature of the Hat
Creek coal deposits. In some cases peripheral tests carried
out for one purpose have been instrumental in providing expla-
nations for unusual behaviour encountered in another.

A comprehensive review of all the data pertaining to the spe-
cification and use of the coal as a boiler fuel was recently
reported. [Ref. 2]. This review covered all available analyti-
cal and test results for the different gquality zones within

the mineable deposit and took into account the proposed method
of mining [Ref. 3]. On this basis B. C. Hydro provided speci-
fications for Hat Creek Cbal Quality shown in Table 2.1,

Referring to Table 2.1, the Design Worst Blend guality, which
corresponds to coal from Zones A, B and C, formed the basis for
calculating the capacities of the wvarious units of the coal con-
version processes considered. After preliminary discussions with
B. C. Hydro it was determined that the various processes to be




TABLE 2.1 HAT CREEK COAL QUALITY

"PERPORMANCE" “DESIGN WORST" LURGI PLANT SUPPLY
BLEND BLEND
GASJIFIEP (+13MM) FINES (-13MM) STEAMCOAL TOTAL COAL
AS REC*'D DRY AS REC'D DRY AS REC'D DRY AS REC'D DRY AS REC'D DRY
BASIS BASIS BASIS BASIS ] BASIS BASIS BASIS BASIS BASIS BASIS
YIELD 100 76.5 100 77.5 64 48,64 36 27.90 100 76.5
PROXIMATE ANALYSIS:
Moisture 23.5 - 22.5 - 24.0 - 22.5 - 23.5 -
Volatile Matter 25.2 32.94 24.0 30.97 26.60 35.00 22.86 29,5 25,2 32,94
Ash 25.6 13.46 29.5 38.06 22,23 258,25 31.78 41.0 25.6 33.46
Fixed Carbon 25.7 33.60 24.0 30.97 27.17 35.75 22.86 29.5 25.7 33.60
100.0 100,00 100.0 190,00 100.00 100.00 100.00 100.0 100.00 100.00 o
GROSS CALORIFIC VALUE (HHV)
MJ/Kg 13.85 18.10 12.71 16.40 14.88 19.58 12,07 15.58 13.85 18.1¢6
Btu/1lb. 5,955 7.784 5,465 7,052 6,398 8,419 5,190 6,699 5,955 7,784
ULTIMATE ANALYSIS:
Carbon 35.30 46.14 32.40 41.82 37.29 49.086 31.70 40.91 35.30 46,14
, Hydrogen 2.80 3.66 2.70 3.48 2.96 3.89 2.52 3.25 ! 2,80 3.66
Nitrogen 0.70 0.92 0.70 0.9%0 0.74 0.98 0.63 0.81 ! 0.70 0.92
Sulfur : 0.39 0.51 0.55 0.71 0.41 0.54 0.35 0.45 0.39 0.51
Chlorine a.02 0.03 0.03 0.04 0.03 0.04 0.02 0,03 0.02 0.03
Oxygen (Difference) 11.69 15.28 11.62 14.99 12,34 16,24 10.50 13.5% 11.69 15.28
{Moisture) {23.50) - (22.50) - (24.00) - (22.50) - ;(23.50) -
{(Ash} (25.60) 33.46 (29.50) 38.06 {(22.23) 29.25 (31.78) 41.00 , (25.60) 33.46
100,00 100.00 100.00 100,00 100.00 100.00 100.00 100.00 100.00 100.00 .

[Ref. 3]
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2.1.

2

selected for evaluation  should be to a common base equivalent
to 316.5 TJ/day, equivalent to 8,000 m3/d (50,000 b/d) liquid
fuels. The Performance Blend quality formed the basis of the
calculation of the mass and energy balances except for the
cases involving Lurgi Gasification. In the latter case the
fixed-bed type of gasification process is unable to handle fine
coal. Normally it is necessary to remove fines smaller than

6 mm (1/4 inch) from the gasifier feed. However the presence
of considerable quantities of clays in the raw coal feed to

the screening plant is expected to cause rapid blinding of 6 mm
screen decks so that B.C. Hydro advised that 13 mm (1/2 inch)
was the smallest screen size considered practical. Screening
at this size is expected to provide a yield of 64 percent of
the raw coal as gasifier feedstock. The =13 mm fines fraction
is rejected as a lower grade. Various methods for utilizing
the fines have been considered for the selected process options
and are discussed later. Table 2.1 also indicates the antici-
pated qualities of gasifier feedstock (+13 mm) and fines re-
jects obtained on screening. Utilization of the coal in a
variety of potential coal conversion processes requires con-
gsideration of properties additional to those shown in Table 2.1,
and in some cases requires interpretation of those shown ac-
cording to a different set of criteria compared with combustion

as dried, pulverized coal in boilers.

Proximate Analysis

Analyses available from a number of differing sources reveal
discrepancies in reported values for volatile matter, fixed
carbon and calorific values. Difference between laboratories
in values for Fuel Ratio, calculated as a ratio of the fixed
carbon and the total volatile matter content were commented
upon in the previous Study [Ref. 1]. More recently, differ-
ences in the first degree linear equations derived by various
labhoratories for the relationship between calorific value (HHV)
and ash contents have been noted by other investigators [Ref. 2].

e




All these problems are attributable to the presence of sub-
stantial proportions of hydrated clays and carbonates in
the raw coal, their presence seriously interfering with

the standard methods employed for the analysis. The over-
all effect is serious and important because it is not pos-
sible to determine and state the actual gquantity of coal
substance (dry, mineral matter free) in the coal as de-
livered to a process plant, or to state the composition of
.the coal substance. The analyses shown in Table 2.1 are
subject to these undetermined errors.

A better understanding of the interference by interca-

lated and inherent clays has been provided indirectly
following an investigation of electrostatic beneficia-

tion of Hat Creek coal at the University of Western On-
tario, [ﬁef. 4]. Figure 2.1, taken from that report

shows the averaged mineralogical composition of the coal
mineral matter for various depths in the deposit. Figure
2.1 shows that the proportion of hydrated swelling clays
(montmorillonite, kaolinite) varies in the range 65-40 per-
cent for depths to 500 meters and between 70-60 percent for
depths to 200 meters. The relative proportions of mont-
morillonite to kaolinite vary from 90:10 to 0:100, being
about 45:55 at the 200 meter level. However, the proportion
of hydrated clays does not vary consistently with depth, be-

ing more closely related to the coal-bearing sequence, which also"

varies withdepth for different areas of the deposit. There-
fore, while being a useful but general indicator, Figure 2.1

is unreliable for predicting proportions of clay minerals.
Figure 2.2, taken from the same source, shows the dehydration
of these minerals on heating. It is noteworthy that very little
of the absorbed and structural water is lost at a temperature

of 107 T 3°C, the standard for determination of total moisture
content in coal. Montmorillonite loses its water more or less
regularly between 100 - 800°C;‘by which time 9 percent of its
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mass is lost. Kaolinite loses very little water until a
temperature of 500°C is attained, at which temperature a
rapid release of about 14 percent by weight of water, prob-
ably accompanying a phase change, is released.

_Virtually all coals start to decompose on heating to 300°C,

decomposition becoming rapid at temperaturés above 350°C.

The combined effect of these observations is that it is im-
possible to drive off all the water in raw Hat Creek coal
at temperatures below the coal decomposition point. For
Performance Blend coal containing 25.6 percent ash {as re-
ceived), the proportion of swelling clays falls in the
range 12-18 percent. The actual water not determined as
moisture content associated with these hydrated clays lies
in the range 1.8 - 2.0 percent on the as received basis

and represents water accounted as volatile matter in the
reported analyses figures, and is hence accounted as coal

substance.

It should be noted that the presence of this undetermined
moisture does not affect the apparent repeatabilities or
"precision" of the standard determinations of moisture con-
tent. Thus it is reported that 121 samples showed an av-
erage moisture content of 21.86 percent with a standard
deviation of 4.14 percent and a standard error of 0.38
percent. These values are a measure of the repeatability
but, in this instance, not the accuracy of the actual wa-
ter content. [Ref. 5].

The overall impact of this undetermined water on the prox-
imate and ultimate analysis is as follows:
Volatile Matter

The undetermined water reporté as volatile matter leading
to high wvalues.
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A further complication arises from the simultaneous pres-
ence of carbonates which decompose, completely or substan-
tially under the conditions of test, liberating carbon di-

oxide. This carbon dioxide, from inorganic materials pres-

ent in the raw coal, is therefore accounted as volatile

matter and hence as cocal substance., Separate determination

of the carbon dioxide in the coal permits correction for
the effect of carbonates on the volatile content but as-
sumes their complete decomposition under the conditions
of the standard volatile matter determination. If com-
plete decomposition does not take place the correction
is itself in error. This could be determined by appro-
priate determination of carbon dioxide in the residual
"coke button.” (In the case ¢f Hat Creek coal no coke
button results and the determination would be made on
the residual char.) The reported carbon dioxide con-
tent of the Performance Blend is 1.8 weight percent,
which corresponds to a carbonate content of 4.0 weight
percent (as Caco3), dry coal basis.

Ash and Fixed Carbon

Ash is the ignited residue of the minerals present in

the coal. In general, the ash content is equated with
the original mineral matter, weight changes resulting
from decomposition of small quantities of carbonates,

or oxidation of iron pyrites to iron oxides, being small
enough to be ignored. In the case of Hat Creek coal the
presence of substantial gquantities of dehydrated mont-
morillonite and kaoclinite in the ash results in appreci-
able hygroscopicity. Errors of 4 percent in the measured
ash contents have been observed due to reabsorption of
atmospheric moisture. Accurate estimations of ash there-
fore require that the standard procedures require dry
cooling over dessicant and rapid weighing be strictly ob-
served,
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This assumption, that ash may be equated with mineral mat-
ter, thus allows the calculation of Fixed Carbon according
to the formulae,

F.C.% = 100 - (% Moisture + %V.M. + % Ash) {As Received
Basis) B

F.C.% = 100 - (% Volatile Matter + % Ash) (Dry Basis)

The fixed carbon, being a difference value, therefore ac-
cumulates errors that occur in the determinations of mois-
ture, ash and volatile matter contents. As has been
shown, these can be substantial in the case of Hat Creek
coal, so that the results of the Proximate Analyses must
be regarded with reserve.

Calorific value (HHV)

The differences in the first degree linear relationships
between HHV and ash reported by various laboratories has
been mentioned earlier and discussed in other- reports [Refs.
1, 2, 5]. These differences can be significant, for ex-

ample. .
Source Reported Relationships
Dolmage-Campbell [Ref. 6] kJ/kg = 30225 - 353.27 x (ash percent)
BTU/1b = 13003 - 151.98 x (ash percent)
EMR [Ref. 5] kJ/kg = 27998 - 321 x (ash percent)
BTU/1b = 12045 - 138 x {ash percent)

These equations differ by about 6 percent of HHV over the .
range of ash contents expected to be encountered. A recent
report [Ref. 2] has suggested that the carbon content contribu-
ting to the heat values was different in the high ash material,
defined as being greater than 60 percent, from that in the low
ash material, and suggested at least two different correlations
between HHV and ash.
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However the fact is that the mineral matter in the coal un-
dergoes substantial decomposition on ignition at all levels
of measured "ash", partly from loss of residual water of hy-
dration and partly from decomposition of carbonates. These
effects clearly become greater at all levels of increasing

ash and affect the reliability of the HHV/ash relatiaonships.

Ultimate Analysis

t

The problem of correcting observed values of carbon, hydro-
gen, nitrogen, sulfur (and forms of sulfur) and chlorine
for the minerals present is similar to that discussed above
for proximate analysis and calorific value.

Other factors also intrude. Fér example the carbon in car-
bonates is measured together with that in the coal substance
unless specifically corrected for the actual carbon dioxide
present in the analysis sample.

The analyses.for forms of sulfur indicated that the bulk of
the sulfur present is organic and hence can only be associ-
ated with the coal substance. Removal of mineral matter by
beneficiation will result in a concentration of sulfur in
the cleaned coal in real terms and in greater proportion
than the concentration of calorific value. There appears

to be no grounds for expecting that beneficiation would lead
to significant reduction in sulfur emissions in fuel value
terms.

The large measure of agreement that existed between labora-
tories reporting ultimate analyses was noted in the pre-
vious report. The probability of errors in interpretation
described above therefore appear to be generally uniformly
operative. If the undetermined water associated with the
clays is assumed to be 2 percent in the Performance Blend,
the "corrected" proximate and ultimate analysis would be as

shown in Table 2.2.

N Wl O AN N . G G aE T an e T am =
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Table 2.2 Hat Creek Coal Quality Corrected for
Undetermined Moisture Content

PERFORMANCE "CORRECTED"
As rec'd Dry As rec'd Dry
Basis Basis Basis Basis
PROXIMATE ANALYSIS
Moisture 23.5 - 25.5 -
Volatile matter 25.2  32.94 23.2 - 31.14
Ash 25.6 33.46 25.6 34.36
Fixed carbon 25.7 _33.60 25.7 34.50
100.0 ~ 100.00 100.0 100.00
GROSS CALORIFIC VALUE
MJ/Xg 13.85 18.10 13.85 18.59
BTU/1b 5,955 7,784 5,955 7,993
ULTIMATE ANALYSIS
Carbon 35.30 46.14 35.30 47.38
Hydrogen 2.80 3.66 2.80 3.76
Nitrogen 0.70 0.92 0.70 0.94
Sulfur 0.39 0.51 0.39 0.52
Chlorine 0.02 0.03 0.02 0.03
Oxygen (difference) 11.69 15.28 9.69 13.01
(Moisture) ' (23.50) - (25.50) -
(Ash) (25.60) 33.46 (25.60) 34.36

The primary effects are on Volatile Matter in the proximate
analysis, since the undetermined moisture reports are a vola-
tile loss in this determination; and on oxygen in the case of
the ultimate analysis, since this value is determined by the
difference from 100 percent of the other measured components.
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2.1.5 Petrographic Analysis

Since the earlier study additional petrographic analysis
have been reported by CANMET [Ref. 7]. This reference

also contains the results of petrographic analysis carried
out at Bergbau-Forschung, Essen, West Germany. The re-
sults serve to confirm further the non-homogeneity and vari-
ablity of the coal substance within the deposit. The rela-
tively large proportions of low rank vitrinite (mean maxi-
mum reflectances 0.34 -0.46) and the low concentrations of
other "reactive" materials (exinites) confirms and explains
the mutual absence of caking and agglutination properties.
The relatively high reactivity of the coal in combustion
tests and gasification tests (Pressure Reick) noted in the
earlier study is expected from the low rank of the vitrinites
present. '

2.1.6 Ccal Rank

Application of the ASTM Classification of Coals by Rank

"ASTM D 388-77" to the properties of the Performance Blend
indicates the coal to be Sub~-bituminous C. The relationship
between gross calorific value, calculated on the mineral-
matter-free basis, and various levels of moisture content is
shown in Figure 2.3. The calculations are made according to
the Parr Formulas (ASTM D 388-77) with conversion ;o SI units.

2.1.7 Size Consist

Normal raw coal preparation before delivery to the battery
limits of the conversion plant will crush run-cf-mine coal

to below 50 mm (2") top size by two-stage crushing. The ex-
pected size-consist of freshly wrought coal, and coal which
has been stockpiled and recovered for use, are shown in Table
2.3. This table illustrates the size consist to be expected
for delivery to all the coal conversion processes to be con-
sidered except those which involve Lurgi gasification. Lurgi
gasifiers, being fixed bed types, are unable to receive fines,
generally specified as -3 mm (1/8"), without serious increase
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in pressure drop across bed. Feed coal is therefore normally
screened at 6 mm, oversize passing to the gasifiers and the
fines passing to some alternative use, usually as boiler fuel.
However, because of the presence of substantial guantities of
free clays in Hat Creek coal it is expected that 6 mm screens
will blind rapidly. B.C. Hydro has therefore indicated that
if Lurgi Gasification is used as a process step the run-of-
mine ¢cal will receive alternative special c;ushing and
screening treatment designed to minimize excess crushing and
production of fines. Screening will be carried out on 13 mm
screen decks to avoid blinding. The combinétion of selective
crushing and screening is éxpected to produce a yield of 64
percent oversize gasifier feedstock and 36 percent fines.

The normal preparation corresponding to Table 2.3 would yield
43 percent oversize and 57 percent fines under the same screen-
ing conditions, or 38 percent oversize and Gé percent fines in
the case of crushed coal recovered from stockpiles. The pos-
sibility of achieving this reduction in fines by special
treatment is of great importance in assessing the potential
application of Lurgi Gasification as a process step. Failure
to achieve it will have serious economic consequences.

Since, on screening, there is an accumulation of higher ash
materials in the fines, the actual feed to Lurgi Gasifiers
will be better than the Performance Blend. The expected im-
provement, at the expense of the fines quality is illustrated
in Table 2.1. )
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Table 2.3 Size Consist of Hat Creek Coal
Supplied to Battery Limits of Conversion
Plant
Size Normal Coal Stored Coal
m Weight Percent Weight Percent
50 - 25 10 71
25 - 13 16 15
13 - &6 17 16
6 - 3 15 15
3 - 1.5 13 10
1.5 - 0.6 14 12
0.6 - 0 15 25
Total 100 _ 100

Ash Composition and Properties

The ash properties are summarized in Table 2.4. The pre-
vious report commented upon the high ash fusion tempera--
tures and the need for taking the slag viscosity data in-
to account in the specification of slagging bottom fur-
naces and gasifiers. A recent report [Ref. 2] further
draws attention to these properties and points out the
alkali oxides content, as measured by laboratory methods,
may be lower than observed values,with some consequent
effect on raising ash fusion temperatures.

In work carried out before 1976, Lurgi Mineraloeltechnik
GmbE had commented that the particular ash properties
were probably helpful to the operation of dry-bottom ro-
tating grate gasifiers and the ash levels in the feed
coal were not a serious hindrance to their process.

At that time no data concerning the effects of ash

1 Effective top size 40 mm or less
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Ash Composition and Properties of
Hat Creek Coal

Performance Blend

percent
53.6

28.1
1.0
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properties on other candidate gasification processes were
available. The Winkler process is a dry bottom, fluidized

bed process for which it was thought that high ash fusion
temperatures were beneficial. However, the discharge of

dry ash from the fluidized bed always involves carbon loss-

es, reported to be as high as 12 percent, and these loss-

es are clearly higher in the case of high ash coals. 1In

the case of the Koppers gasification process, which is an
entrained flow slagging gasifier, doubts were expressed

about the impact of the high ash fusion temperatures and

slag viscosity characteristics on the operation of the gas-
ifiers. Reports on operations at Modderfontein, S.A. were
indicating that problems relating to ash were causing low
gasifier availabilities. Accordingly, during the course of

this Study, direct discussions have been held with the Koppers
Company at which the coal properties and the ash characteristics
of Hat Creek coal were specifically discussed. The Koppers
company advised that the coal is regarded as possessing adequate
characteristics for its use in Koppers gasifiers.

B.C. Hydro has discussed the coal guality and ash prop-
erties with the Texaco Company and its suitability as a
feedstock for the Texaco Coal gasification process, which
is an entrained flow gasifier currently undergoing com-
mercial demonstration trials in the U.S.A. and West Ger-
many [Refs. 11, 12, 13]. Texaco advised that the coal was
considered a doubtful feedstock at the present stage of
process development because of its low rank and grade.
However recent papers claim that the process has operated

- successfully on coals ranging from lignites to anthra-

cites and since estimates of capital and operatina costs
from the Texaco_gasification process are becoming avail-
able it has been included in the general process compari-
sons in this study.
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Grindability

Typically for low rank c¢oals, the Hardgrove Grindability
indices reported fell in the range 35-55, The coal is
therefore compératively hard. Additionally, the minerals
present contain quartz, feldspar and other abrasive com-
ponents, These properties must be included in considera-
tion of the specification of mill capacities and construc-
tional materials.

Pyrolysis

Apart from the Fischer Assay carried out by Lurgi before
1976 and included in the previous study report, no fur-

ther investigation of the behavior of the coal undergoing
pyrolysis has become available. The results of the pre-
vious tests are repeated in Table 2.5. They are most not-
able for the very low yields of liquid hydrocarbons (tar)
obtained. This fact is consistent with the relatively high
oxygen content of the coal and the presence of substantial
proportions of oxidized coal, which has a well known effect
of inhibiting tar yields during pyrolysis and of increasing
the gas yields. It should also be observed that the con-
ditions under which the Fischer Assay is performed in the
laboratory can be expected to give higher liquid yields than
is obtainable in commercial scale operation. Hat Creek coal
must, therefore, be considered a poor candidate for com-
mercial pyrolysis processes. However, given the growing
interest in these processes for application to Western Cana-
dian low rank coals, the anticipated results from the Lurgi
Ruhrgas Process are included. The results are based on the
work reported in the previous Study corrected for Performance
Blend quality. (See Appendix D, Section 1.6)

Somewhat higher yields might result from Flash Hydropyrolysis,
in which the coal is rapidly heated in hydrogen atmospheres
at high pressures. [See, for example, Ref. 10.] However,




Table 2.5

Carbonization Assay and Coking Properties of

Hat Creek Coal

As Received Dry Dry Ash Moist, Mineral
Basis Basis Free Basis Matter Free Basis
CARBONIZATION ASSAY
{FISCHER)
Gas ligquor % 25.0 3.2 5.6 26.8
Tar % 3.1 3.9 6.8 5.3
Gas % 4.5 5.8 9.9 7.7
Char 2 67.4 87.1 77.7 60,2
100,00 100.0 100.0 100.0

COKING AND CAKING IMDICES:

0

Free Swelling Index
Gray-King Coke Type
Gieseler Plastometer
Ruhr Dilatomete; - .
Max Expansion
Contraction @ 500°C

A
Non-fluid

Nil
10%

1 %4




2.2.1

24

such developments are a long way from commercial demonstra-
tion and are not considered further in the. present Study.

In addition to noting the very low yields of liquid hydro-
carbons, it is necessary to consider the principal pro-
duct produced which is a very high ash char. Viable op-
eration will require that this material be used as primary
fuel for thermal power generation. It will have a HHV of
about 14.50 MJ/Kg dry basis and will present a difficult
grinding and pulverizing problem. However, given the low
rank of the parent coal, the char can be expected to be re-
active and exhibit good ignition and flame characteristics.

Coal Beneficiation

Table 2.1 indicates that the ash content of the Perform-
ance Blend is greater than 33 percent, dry basis. Con-
centrations at this level imposé significant mass and
volume transfer loads on coal conversion processes, with
attendant increases in capital and operating cost require-
ments, so that substantial improvement in economic per-
formance would be the general result for any major removal
of minerals from the coal ahead of the coal conversion
operations, However, the overall requirement is that

the ultimate disposal of the ash would be, environmentally,
less troublesome and less costly. Accordingly, the pros-
pects for reducing this ash burden by prior coal benefici-
ation have been reexamined in the light of various investi-
gations reported since the earlier study (Ref. 1].

Wet Cleaning

The range of options commercially available for benefici-

ation at the present time are summarized in Figure 2.4.
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Inspection of this figure shows that the principal pro-
cesses available,with the sole exception of pneumatic
cleaning, involve wet cleaning methods.

The earlier work revealed a wide variation in the re-
sults of standard washability tests carried out on vari-
ous coal samples from different locations in the deposit.

- It was noted, early on,.that the results were influenced

by the pretreatment of the samples and that wetting the
coal led to substantial structural degradation and re-
lease of clays. This phenomena was convincingly demon-
strated by a trial at EMR [Ref. 5] in which a sample of
the coal was dispersed in water and pumped repeatedly
around a c¢losed circuit containing a hydrocyclone. Ex-
tensive, progressive attrition occurred. The separated
fine coal approached a "limiting™ ash content of about
16-17 percent. However the minerals present contain

large proportions of montmorillonite, kaclinite and less-
er guantities of guartz, feldspar, cristobalite and si-
derite. The former are étrongly swelling clays which pro-
duce a bulky, gelatinous, thixotropic mass that is very
difficult to consolidate or dewater and produce huge vol-
umes of semi-fluid waste. Weighed against this water prob-
lem the iﬁprdvement in ash content to be obtained was not
considered by B.C. Hydro to be a significant benefit in
use of the coal for thermal power generation, and has
played the major role in their decision to reject wet
cleaning methods.

Similar considerations apply for the majority of the pri-
mary coal conversion processes. Thus, except for conventional
Lurgi gasification or its slagging modification, the attri-
tion of the coal itself to finer sizes is not necessarily

a serious drawback, because these processes require finely
divided coal feedstocks. However, the proplem of the de-
watering and disposal of wet clays is considered to be so
great that it outweighs the other potential benefits.
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Cleaning by wet methods is therefore rejected as a via-
ble alternative given the present status of water clari~
fication and sludge disposal methods; which are, neverthe-
less, highly developed so that the problem is clearly an
intractable one.

2.2.2 Dry Cleaning

It is clear that, to be successful in cleaning Hat Creek

coal, it is necessary to achieve unambiguous separation of

the coal and clay particles. It is also clear that, given

the structural composition of the cocal such separation can only

occur after sub-division to fine sizes generally below
1-3 mm, - This requirement rules out commerciallf'avail-
able air tables, which normally operate on sizes up to

20 mm and which tend to eliminate all particles less
than 1 mm as dust regardless of composition. Success-
ful cleaning of Hat Creek coal,or other western low rank
coals similarly contaminated by substantial guantities

of clays,therefore requires the development and commer-
cialization of new processes. This problem has been rec-
ognized for some time. Several programs are in progress
in Canada, receiving federal, provincial and industry
support, aimed at developing dry methods for cleaning

low rank coals. Recently, two methods have been actively
investigated, one being electrostatic beneficiation [Ref.
4], the other being a gravity controlled pneumatic separa-
tion in fluidized beds (Fluidized Cascade) [Ref. 8]. The
status of development of these processes were assessed in
direct discussions with the investigators. They are both

at laboratory pilot stage scale.
(i) Electrostatic Beneficiation:

Electrostatic beneficiation is a dry process which
depends on the movement of small particles of oppo-
site charge in opposite directions in an electric
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field; positively charged particles will move in
the direction of the field and negatively chafged
particles will move in a direction opposite to the
field. Thus, separation will depend primarily on
the charging process used and the ability of dif-
ferent constituents of a mixture to charge with
opposite sign.

The technique has a long history, the first prac-
tical sevarator for minerals having been patented
in 1899 (L.I. Blake and L.N. Morscher. U.S. Patent
Nos. 668.791: 668.792). An article in “eitschrift
fuer Elektrochemie for 1907 contains references to
fourteen patented, electrostatic separators. Prob-
ably the best known commercial machine was the Huff
Separator which was apnrlied to minerals and coals
until froth flotation became the dominantly pre-
ferred process in the 1920's. However development
work was continued in Germany until 1945 and a full
scale plant was constructed in the Ruhr,but was de-
stroyed by bomb damage before commissioning. Since
that time no known commercial plant for electrosta-

tic beneficiation of cecal is recorded.

The early separators usually consisted of a rotating
metal drum over which the material was fed and sub-
jected to a high voltage electric field or a cor-
ona discharge providing gaseous ions. The behavior
of various coals depended on their electrical prop-
erties, some were repelled far from the drum, some
fell near and some adhered and had to be scraped
off. The fine ash particles present generally be=-
haved in the opposite sense. Efficient separation
depended upon finely grinding the coal, generally
to sizes less than 200 mesh (150 microns). At-
tempts to develop and further improve this process,
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especially to effect removal of pyritic sulfur
from high-sulfur coals, are presently being
conducted by Advanced Energy Dynamics at Natick,
Massachusetts.

The work at the University of Western Ontario employs
a laboratory scale electreostatic tower which acts

on a falling stream of the finely divided coal to
separate the particles according to their mass-to-
charge ratios. The feed coal is electrically charg-
éd by triboelectrificiation in a fluidized bed de-
vice before passing to the tower. The cocal separa-
tion experiments indicated that with carefully con-
trolled humidity, high electric field strengths and
multistage processing a product containing some-
what less than 30 percent ash at 90 percent BTU
recovery could be achieved. This degree of benefi-
ciation is of little importance for reducing the
ash burden on c¢oal conversion plants to a stage
where substantial reductions in capital costs would
result.

Counter-Current Fluidized Cascade Beneficiation:

The counter-current gas fluidized cascade (CFC) is
claimed to be a novel technique for pneumatic sep-
aration of mixed granular solids according to spe-
cific gravity in a fluidized bed under conditions
where the fluidizing velocity is only moderately

in excess of the minimum fluidizing velocity. 1In
the CPC,vertical partial segregation is magnified
in a horizontal direction by use of counter-current
enrichment obtained by creating opposite horizontal
motions in the upper and lower strata of the fluidi-
zed bed by means of baffles or paddles attached to
an endless chain.
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In work carried out in a laboratory scale unit
at the University of Western Ontario for B.C.
Hydro in 1978 the following results were obtain-
ed [Ref. 9].

Table 2.6 Average Cleaning Results Obtained

Source:

with Laboratory CFC Unit

Ash '
Feed Coal 49,81% (d.b.)
Cleaned Coal 43.6 % (d.b.)
Rejects 53.3 % (d.b.)
BTU Recovery : - 77.0 %

[Ref. 9]

For this process also the degree of beneficia-
tion is minimal in relation to the requirements

of the coal conversion processes.

Further development of the CFC has now been
transferred to the Alberta Mining Research Center.
From discussions with staff at the Center it is
not expected that the CFC beneficiation process
will be developed to commercial scale in time for
application to Hat Creek coal in the time frame of
the present Study, i.e., where design and construc-
tion could be carried out before 1985 to 1990.
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Other Cleaning ‘Methods

One other possible method for beneficiating coal that
avoids wetting it with water involves the use of cer-
tain organic liquids as the dense medium of separation.
By appropriate selection of specific graﬁity generally
in the range of 1.4 - 1.8, coal floats and mineral mat-
ter sinks under conditions where the clays present can-
not gel and disperse. Certain halogenated hydrocarbons
exhibit specific gravities in this range and are avail-
able as bulk chemicals. One such process, OTISCA*, is
currently under development in the U.S.A. with the main
aim of achieving desulfurization of fine coal by pre-
cise control of the density of separation [Ref. 14].

. A major problem to be solved is to achieve a high re-

covery of the expensive ‘liquids from the coal and refuse
products. However, the presence of clays in the miner-
als can lead to unacceptable losses of medium by absorp-
tion and for this reason its use for cleaning Hat Creek
coal is not regarded as a candidate process at the pres-
ent stage of development. Successful development of any
dry cleaning process will, generally, produce very large
volumes of dry dusts for disposal. In the scale of the
present study the guantities of ash ultimately requiriag
dispos#l will be 10,000 - 15,000 t/d and if dry cleaning
is introduced about half this quantity will require dis-
posal as ary dusts, the remainder as ignited, quenched
fly ash or clinker residues. In environmental terms,
disposal of ignited ash residues may prove to be the
easier alternative. It is necessary to bear in mind
that in regard to the overall mine/utility complex, coal
beneficiation cannot reduce the total quantities of sol-

id wastes requiring disposal, only their form. Addition-

ally, the most economically feasible mining method

*
Otisca Industries, Lafayette, New York
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precludes, for many years, the disposal of solid wastes

back to the mine [Ref. 3] so that provision of a separate
solid wastes disposal area is necessary.

Coal Preparation for Conversion Processes

‘Thermal Drying

The coal, as received at a conversion plant, will con-
tain 20-25 percent of water which constitutes a large,
inert mass load for most processes to be considered. In
some cases totally dried coal is the preferred feedstock,
as in the direct hydrogenation liquefaction processes.

In others, where steam is a process reactant, the presence
of some moisture in the coal is not necessarily a disad-
vantage. The Winkler, Koppers and Lurgi Gasification
processes all employ oxygen and steam as reactants and
hence, a certain level of moisture in the cocal feedstock
can be tolerated. However, for low rank, low grade coals
such as Hat Creek, this level does not exceed about 9-10
percent and also assumes that the coal is not sticky and
difficult to handle at this level. Some measure of re-
moval of moisture therefore appears desirable and thermal
drying units are included in the costs of coal preparation
for the processes to be considered later.

Even when all surface moisture has been evaporated from

low rank coals it is customary to observe that high levels
of residual water, bound structurally in the coal substance,
remains. Removal of this "bound" water requires greater
heat imput to the drier per unit weight of water evaporated
and drying costs increase markedly. In addition, low rank
coals are more susceptible to spontaneous ignition during

‘drying than are bituminous coals and hence must receive

less vigorous treatment with hot gases. The combined ef-
fects of these factors is that it is not generally prac-
ticable to dry low rank c¢oals below some minimum moisture
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content that has been termed Measured Critical Moisture
(MCM) . [Ref. 15].

Drying trials have not been conducted on Hat Creek coals
but from consideration of the long term dehydration be-
havior in air, and in discussions with B.C. Hydro, this
MCM value is assumed to be 11-13 percent.

A further feature of low rank coals is that, after dry-
ing, they usually exhibit strong tendencies to reabsorb
water with little change in external volume. In the ma-
Vjority of cases this is of small consequence except to
ensure that the coal is passed to the processing units
directly after thermal drying, crushing and pulverizing.
The case of Texaco gasification is,however, an exception.
This process injects a coal/water slurry into the gasi-
fier under pressure. Process developments require that
the water content of the slurry be as low as possible
and slurries containing as much as 70 percent of pulveri-
zed coal (75 percent through 200 mesh) in 30 percent
water have been achieved. Pulverizing the coal requires
first that it be dried and, in the case of low rank coals,
this means thermal drying to the MCM values, However,
subsequent slurrying with water leads to substantial re-
absorption without volume change of the coal, so that it
is not possible to attain pumpable slurries containing
coal water ratios of 70:30. 1In the case of Hat Creek
coal, if it is assumed that reabsorption will increase
the moisture content from MCM (~13%) to the equilibrium
moisture (23.5%), the resulting coal/water slurry cannot
contain more than about 50 percent coal. This fact,
coupled with the high ash content, is a reason why Hat
Creek coal is not considered a good feedstock for the
Texaco gasification process.,’
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Crushing and Pulverizing

The general requirements for crushing and pulverizing
related to the coal conversion processes considered in
the Study are summarized in Table 2.7. The need for
screening out fines below 13 mm in the case of Lurgi
gasification has been discussed above. (Par. 2.1.1).
The costs of prbviding coal preparation systems to pro-
duce coal feedstocks of appropriate moisture and size
characteristics have been included in the overall coal
conversion plant costs.

Coal Conversion

Process Selection Criteria

Because the present study requires comparative market-
ing and economic analysis of possible processes ap-
plicable at Hat Creek, attention must be focused on

those processes which are already commercially proven

or are at advanced stages of demonstration on commer-
cial scale. A further requirement is that the product
slates are compatible with existing or foreseen market
requirements. Progress towards the development and con-
struction of commercial coal conversion projects during
the past five years has been slow, no major commercial
coal conversion plant has been completed in North Amer-
ica and some projects that had been commenced are pres-
ently stalled. The following paragraphs outline areas

where progress has been made.

Upgraded Solid Products
{i) Cleaned Coal

There has been an extension of wet cleaning
practices, especially for cleaning fine and
superfine sizes (below 0.5 mm). There has



Table 2.7

Coal Preparation for Conversion Processes

Direct
Liquéfaction Gasification Processes
Processes
Winkler Koppers Lurgi Texaco
As received (mm) 100 x 0 100 x O 100 x O 100 x 0O 100 x O
Screening - - - +13mm -1 3mm -
Crushing (mm) 8x0 8x0 8 x0 - [8x0 8 x0
* * * *
Drving MCM - MCM - |MCM MCM
Pulverizing »75% - >75% - |[»75% >75%
(200 mesh, 150 microns)
Coal/water slurry - - - - - 70/30+

*
Measured Critical Moisture Content
+Probably unobtainable with Hat Creek Coal

SE
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been renewed interest in oil agglomeration of
fine coal both as a recovery and as a cleaning mech-
anism. Some progress towards the use of coal
in hybrid liquid fuels have been made, includ-
ing coal oil mixtures, coal oil water mixtures
(e.g. COALIQUID*) and coal water liguids (e.qg.
CARBOGEL**). The combustion of these products
is presently ‘receiving attention, work on the
development of suitable burners going ahead at
a number of locations. It is expected that
these hybrid fuels will find a limited market
for industrial steam generation but their use
in large quantities by the electric utilities
is not expected. Part of the advantages claimed
for these fuels is that the ash and sulfur con-
tents of the coal component can be reduced to
low levels by first grinding the coals and
cleaning the resulting pulps by froth flotation
or o0il agglomeration, - Such methods are Known
to-work for some coals but are not generally
applicable, and while, for bituminous c¢oals,
substantial reduction in ash is usually pos-
sible the simultaneous reduction in pyritic
sulfur is much less certain. In any case,
these processes are not effective in reducing
the organic sulfur component of the coal. The
methods are not generally applicable to low
rank coals because the fundamental surface prop-
erties of the coal particles resist recovery by
froth flotation; and the methods are not appli-
cable to Hat Creek Coal.

Hat Creek Coal as Solid ‘Fuel

Reference to Table 2.1 shows that the "inerts"
contents of the coal is about 50 percent. This

COALIQUID INC., Louisville, Kentucky, U.S.A

** AB CARBOGEL, Helsingborg, Sweden
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presents a serious obstacle to transportation of
the coal for any distances requiring loading and
discharge from railcars bécause of the costs
involved, which are usually made on a ton-mile
basis irrespective of coal quality. Additionally,
there are ample reserves of high grade bituminous
coals in British Columbia awaiting development
which will present powerful competition for any
market for solid fuels that may develop.

The only conceivable use remaining as a solid
fuel is for steam electric power generation at
the Hat Creek site. These uses are considered
only to the extent that they are necessary ad-
juncts to coal conversion processes. The princi-
pal utilization of the ccal for thermal electric
power generation is specifically excluded from
the Scope of Work of this Study.

Solvent Refining

Solvent refining to produce solid products (e.qg.
Gulf SRC-I Process) has been demonstrated. Re-
cent discussions with Gulf established that low
rank coals can, in some cases, be suitable candi-
dates but this is generally determined by the
oxygen content of the coal, the hydrogen require-
ment and the yield of refined product. Qualita-
tive investigation of the behavior of Hat Creek
coal was carried out by NAMCO for B.C. Hydro in
1978 and showed that the coal was reactive to
solution hydrogenation and exhibited high carbon
conversion efficiency. However, the conditions
of the test did not permit reliable estimates of
the hydrogen demand to be determined [ Ref. 16].
There is evidence suggesting that the reactivity
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observed is, to some extent, catalyzed by the ash
minerals present. Conversion to SRC-I is one of
the processes selected for evaluation in this
study but, for convenience, is included in the di-
rect liquefaction processes,

(iv) Pyrolysis

Progress in commercialization of new pyrolysis pro-

cesses has been very slow. The Lurgi Ruhrgas process,
considered in the earlier Study and repeated in

this one, continues to be the only major commer-
cial application. Design and construction of a
commercial demonstration plant for the COED Pro-
cess was announced by the U.S. Department of
Energy and subsequently cancelled in 1978. The
behavior of Hat Creek coal on pyrolysis has been
discussed above (2.1.10) and it is not regarded
as a suitable candidate for pyrolysis processes,

Gaseous Products

For conversion to upgraded gaseous products, the so-called
"first generation" processes - Lurgi, Koppers~-Totzek and
Winkler continue to be the only fully commercial primary
gasification processes available. All three processes
produce a nitrogen free synthesis gas by gasification of
the coal with oxygen and steam. After suitable shifting,
the synthesis gas (carbon monoxide and hydrogen) forms an
intermediate for the production of hydrogen (ammonia),
synthetic natural gas (methane) or a variety of synthetic
liquid products discussed under Indirect Liquefaction be-

low.

The last Winkler installation was made in the 1960°'s.
However Lurgi and Koppers gasifiers have continued to be
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favored and have been the basis of the two largest instal-
lations for coal conversion in recent years, both in

South Africa. The AECI 100,000 t/a ammonia plant at Mod-

derfontein, S.A. has six Koppers-Totzek gasifiers. SASOL-
IT and III are each based on 36 Lurgi gasifiers.

Progress in so-called "third generation" processes for to-
‘tal coal gasification such as Hygas, Bigas, Synthane, etc.
is stil} a long way from commercialization and they pro-
vide no competition to the established processes at the
present time. In fact, substantial improvements in the
Lurgi, Koppers-Totzek and Winkler processes, often re-
ferred to as "second generation" processes, have been made
which are considered likely to ensure their pre-eminence
for the foreseeable future. These improvements may be
summarized -

(1) Lurgi - Extension to gasification of
highly caking coals.

- Development of high tempera-
tures slagging operation by the
British Gas Council. Has been
offered with full engineering
guarantees since October 1980
(BGC/Lurgi Process).

- Development of a high pressure
gasifier to operate at 100 bar,
compared with 25-30 bar in stan-
dard Lurgi Gasifiers (The Lurgi
Ruhr 100 Process).

(ii} Koppers-Totzek - Demonstration of high pressure
operation by Shell (SK Process)
in a 150 t/d unit. Design and
engineering of 1000 t/d commer-
cial gasifiers is in progress
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but the Shell Company has not
yet made the technology gener-
ally available [Ref, 17].

(iii) Winkler - Rheinische Braunkohlenwerke A.G.
’ has continued the development of

the Winkler process to operate
at high pressures (up to 10 bar)
and temperatures (up to 1100°C).
The process (Rheinbraun HTW) has
been demonstrated on the semi-com-
mercial scale at 5 bar and 950°C,
and a first commercial demonstra-
tion unit is scheduled for opera-
tion in 1983/1984., [Ref. 20].

Three other developments have reached a stage where com-
mercialization may be imminent and which may be regarded

as second generation developments. These are the Texaco,
U-Gas and Exxon Catalytic Gasification proéesses. Of these,
the Texaco process is considered to be at the most advanced
stage of development and has been selected for inclusion

in this Study.

The Texaco Corporation has demonstrated on a pilot scale
that its partial oxidation gasification process, initially
developed for gasifying heavy oil feedstocks, can be suc-
cessfully applied to coal/water slurry feedstocks [Ref. 11].

Following the initial demonstration by Texaco, a 6 t/d

demonstration plant was constructed by a consortium at

Oberhausen-Holten in West Germany (Ruhrchemie AG/Ruhrkohle
AG) [Ref. 13] which has been operating since January 1978.
Almost immediately, the syngas produced was fed into Ruhr-
chemie syngas network and from July 1980, part of the syn-
gas was passed to a methanation pilot plant for production
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of SNG. As expected, both synthetic processes have cpera-
ted without complication. During 1980.projects in the
U.S.A. employing Texaco Coal Gasification for the manufac-
ture of SNG, combined-cycle electric power and methanol
have been announced. A Texaco gasifier was included in a
pilot ammonia manufacturing plant started up by the Ten- .
nessee Valley Authority at Muscle Shoals, Alabama,in Octo-
ber 1980, | :

One proposal of particular interest is to produce SNG and
methanol from syngas produced by a combination of BGC/Lurgi
Slagging Gasification and Texaco Coal Gasification [Ref. 19].
Such a combination is synergistic in several ways -

a) Coal fines produced in preparing coal by the BGC/
Lurgi gasifiers are unusable by that process but
can easily be included in feedstock to a Texaco
gasifier. '

b) Phenolic liquors, .a byproduct by BGC/Lurgi gasifi-
cation,can be used to prepare the Texaco slurry
feed - hence avoiding substantial effluent treat-
ment costs.

¢) The primary BGC/Lurgi gas contains substantial pro-
portions of primary methane and hence reduces the
methanation steps required for upgrading to SNG.

Fines rejected by Lurgi gasifiers could also he fed to
Koppers or Winkler gasifiers and such combinations have
been included in the present Study.

Figure 2.5 shows some projects currently being considered
in the United States for the Production of Synthetic fuel
gases. Processes for production of low or medium BTU fuel
gases have not been considered in this study because of the
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absence of any substantial market for such fuels in the
vicinity of Hat Creek. Pipeline economics generally rule
out the feasibility of transporting such gases to the Lower
Mainland industrial regions.

Liquid Products

The production of liquids from coal can be achieved by
acting directly on the coal with solvents; by combining
solvent extraction with hydrogenation; or by indirect
synthesis of liquids from syngas produced by one of the
processes described in the previous sub-section.

(1) Solvent Extraction

Work on solvent extraction processes is mainly
being pursued in Great Britain. Coal liguefac-
tion research at the Coal Research Establishment
{(National Coal Board) has led to the development
of two separate liquefaction processes for the
production of distillate fuels and chemical feed-
stocks; the Ligquid Solvent Extraction Process
{L.S.E.) and the Supercritical Gas Extraction Pro-
cess (S.G.E.). Both processes are two-stage pro-
cesses - an extraction stage in which a coal ex-
tract is separated from mineral matter and undis-
solved coal and a subsequent extract hydrogenation
stage.

Liquid Solvent Extraction Process:

In this process most of the coal is dissolved in an
aromatic solvent (digestion) and the residual solids
consisting of mineral matter and undissolved coal are
removed by filtration: The resultant coal extract
solution is fed to a hydrocracker for conversion to
premium liquid products and a fraction suitable for

re-cycling as solvent. Originally developed for the



44

processing of British bituminous coals the process
is thought to 'be adaptable to the processing of
brown coals and lignites.

Under an agreement between the British Columbia Hydro
and Power Authority and the National Coal Board (UK),
a sample of coal from the Hat Creek deposit has been
processed in a_20 RKg per day integrated liquid sol-
vent extraction/hydrocracking continuous pilot plant.
The plant, after adjustment of process conditions to
acéommodate the Hat Creek coal characteristics, was
reported to have operated without problems. With
production of recycle solvent in balance with require-
ments a total light oil yield equivalent to 45 percent
of coal input (dry, mineral matter-free) was observed.
This is equivalent to approximately 21.5 percent on
the 'as received' performance blend.

Supercritical Gas Extraction Process:

This process depends on the ability of a compressed
supercritical fluid to dissolve relatively high mo-
lecular weight substrates. It is operated under con-
ditions where a hydrogen rich portion of the coal is
selectively extracted in a short residence time ex-
traction stage, leaving a hydrogen deficient char.

The extract produced is éeparated from the solvent

and passes to a hydroprocessing stage whilst the

char product is used as a solid fuel for production

of heat and power or is gasified to produce process
hydrogen requirements. It is reported that an extract
yield of the order of S50 percent represents a balanced
case in which there is just sufficient char for the
provision of these commodities.

Under the existing agreement bétween.the British
Columbia Hydro and Power Authority and the National
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Coal Board (UK), laboratory tests of the SGE Process
on Hat Creek coal have been carried out. Extract
yields in the range of 21 to 27 percent on dry, ash
free coal basis were obtained. It is reported that
yields of 35 to 40 percent (d.a.f.) are obtained from
high volatile bituminous coals; and yields of up to
50 percent {d.a.f.) have been obtained with certain
lignites. It was therefore concluded that the yields
from Hat Creek coal are low, so that the coal does
not appear to be a good candidate for this process
application.

It should be noted that the LSE Process is at the
small, continuous pilot plant stage (20 kg per day
coal throughput) and the SGE Process is at labora-
tory stage. The British Government and the National
Coal Board have announced that development to com-
mercialization of both these processes will be pur-
sued but the timetable announced is not expected to
result in commercialization before the end of this
century. For this reason these processes have not
been considered further in this Study.

Direct Hydrogenation

The current status of development of direct
liquefaction processes is summarized in Table
2.8. Commercial demonstration plants have been
built and are being commissioned at Catletts-
burg, Kentucky (H-Coal Process, Dynalectron
Corporation) and Baytown, Texas (Exxon Donor
Solvent Process). A projected 6,000 t/d coal
demonstration plant for the Gulf SRC-II Pro-
cess, to be built at Morgantown, West Virginia
is at an advanced stage, being supported by
German and Japanese funding in addition to ma-
jor funding by the U.S. Government. In West




Table 2.8 Process Data on Direct Coal Conversion Pilot Plants

Process and
Contractor

SRC-1

Southern Company Services,

International Coal
Refinery Co.

SRC-I1II
Gulf 011

Exxon Donor Solvent

Exxon 0il Company

H-~Coal
Hydrocarbon Research
H~Coal alternative mode

New I G Process
Ruhrkohle and Veba Oel

Size of plant
{coal feed)

and date of Products
completion Primary
6,000 t/d Soligd ‘sulphur
1984 free fuel
6,000 t/d Fuel oil
200 t/d Fuel oil
1980
200 to 600 t/d Fuel oil

1980

200 ¢/d
1983

Synthetic ctude
oil

Midgle dissillate
200" -~ 325°¢C

Residence time

Secondary Temperature/Pressufe in reactor
Fuel oil, o

naphtha 450°C/120 bar 0.5 hours
Gas, LPG, 460°C/130 bar 1.0 hour
naphtha

LPG, naphtha, 450°C/135 bar 36 minutes

gas

355/455°C/205 bar

Naphtha, gas
- 355/455°C/205 bar

Gas, naphtha 450°C/300 bar

not available
not avallable

not available

Source: [ Ref. 18 ]

op
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Germany a consortium of Ruhrkohle and Veba Oel
are constructing a 200 t/d plant to produce
gas and light oils by a new I.G. Process; Ma-
jor plans for direct liquefaction demonsta-
tion plants have also been announced for Aus-

" tralia, while it has recently been suggested

that a fourth SASOL plant in South Africa will
employ hydrogenation instead of the indirect
Fischer-Tropsch process [Ref. 21],

The production of direct coal liquids from
Hat Creek coals has therefore been included in
this study.

Indirect Liquefaction

This class of processes, requiring the prior
production of syngas, is linked with the de-~
velopments of the gasification processes al-
ready described. Some proposed projects’ cur-
rently receiving consideration in the United
States are shown in Figure 2.6. The majority

of these projects involve the synthesis of
methanol from syngas, in some cases followed

by production of gasoline by the Mobil Process
e.g. the W.R. Grace project in Tennessee. A

few projects are based on Fischer-Tropsch Syn-
thesis, e.g. the Texas Eastern project in west-
ern Kentucky. The Fischer-Tropsch synthesis has
been amply demonstrated by operations at SASOL
where a combination of synthol and ARGE processes
is capable of producing an extensive product

slate.

More recently, the catalyzed synthesis of methanol
in high yield by hydrogenation of carbon monoxide
has been demonstrated in processes developed by
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Imperial Chemical Industries, Lurgi and Wentworth
Brothers, Inc. These processes are considered
fully commercial and are attracting increasing at-
tention as the possibilities of employing methanol
as gasoline extenders, gasoline replacement or as

a chemical feedstock are realized. More than
fifteen projects for production of methanol from
coal-based syngas are presently being considered

in the U.S.A. and this number is likely to increase
(See Figure 2.6).

The Mobil 0il Corporation has demonstrated a Zeo-
lite-based catalytic process for direct conversion
of a methanol feedstock to high octane gasoline in
high yield. The process is flexible and can be in-
terrupted at an early stage to give various other
products, including olefins [Ref. 22, 23].

The utilization of Hat Creek coal in Fischer-Tropsch/
ARGE synthesis, methanol synthesis and methanol/gaso-
line conversion have been included in this Study.

Methanol

A study by Exxon found coal conversion,

to methanol is presently the most economically
attractive liquefaction process. [Ref. 24].
Costs of these liguids are now estimated at 40
to 60 percent above medium BTU gas, shale oil
or imported crude from OPEC. Improvements in
technology are likely to bring these costs
down. .

Methanol from coal is one of the leading candi-
dates for supplementing and eventually replacing
gasoline when oil runs short. Methanol blends,
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however, would present a number of problems if
used in a fuel distribution system and vehicles
designed for gasoline. Chief among them are:

1. Phase separation on contact with small
amounts of water.

2. Vapor lock
3. Cold startability

4. Incompatibility with some fuel system
materials. )

5. Increased evaporative emissions.

Aithough methanol has desirable properties as a gas
turbine fuel, gas turbines do not yet power highway
vehicles, Methanol also is not suitable for diesel
engines without excessive amounts of cetane improver
or else provision of a separate fuel to initiate com-
bustion.

Methanol and ethanol differ markedly from gasoline
in several characteristics that are important to their
potential use as transportation fuels, see Table 2.9.

Compared to typical gasoline, methanol requires 44
percent as much air for combustion, produces 43 per-
cent as much enerqgy, and requires 3.7 times as much
heat for vaporization.

The automotive and chemical markets are the most at-
tractive for the sale of methanol. However, the
transportation market is just starting to develop.
Both markets will expand rapidly once an initial sup-
ply of coal-based methanol is available.

For most of the industrialized world, methanol from
coal could be the alcohol fuel of the future for both




Table 2.9 Fuel Properties of Alcochols and Gasoline
Gasoline. Ethanol
Oxygen Content 0 34.7

Net Heat of Combustion

MJ/dm3 32,2
(1,000 BTU/gal.) (115.4)

Heat of Vaporization

MJ/dm> 0.25
(1,000 BTU/gal.) (0.90)

Distillation Temperature

°oC 312-210

°F 90~410

Water Solubility 0

21.2
(76.0)

0.66
(2.4)

78
173

Methanol

49.9

15.8
(56.6)

0.93
(03.3)

65
149

18
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economic and supply reasons, As mentioned earlier

alcohol fuels pose serious problems for the conven-
tional internal combustion, reciprocating piston en-
gine. Burning significant quantities of methanol
would necessitate some complex and expensive engine
modifications. Furthermore, there may be safety and
emission problems associated with gasohol that have
not been identified to date. Materials and corrosion
problems with gasohols (methanol or ethanol) involve
not only the plastics and rubber compounds commonly
found in fuel systems, but also light metal castings,
such as aluminum,once the alcohol portion of the gaso-
hol increases.

In a recent survey by the United ‘States Department of
Energy, [(Ref. 25] the three major U.S. automobile pro-
ducers listed methanol-derived gasoline using the Mobil
M-gasoline process as the preferred fuel of the future.
Pure methanol ranked second and methanol blended with
gasoline was third. However, the auto makers expect
initially to introduce blends because of the present
consumers acceptance of gasohol. The survey also in-
cluded many large electric utilities which indicated

their support of methanol conversion. They estimate that
if methanol becomes readily available at favorable prices,

75 percent to 100 percent of their peak power turbines
may eventually be converted to use methanol. Methanol
is an acceptable gas turbine fuel and the technical
problems are readily solvable, but the utilities ap-
pear to be more concerned about its future security

of supply and price.

The survey included ranking of synfuel technoclogies
by leading financial institutions based on their eco-
nomic outlook. These were ranked as follows:
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Table 2.10 Ranking of Synthetic Fuels
Rank Szgfuel ‘ Source
1l Gas 0il Shale
2 Liquids Coal
3 Gasoline Coal
4 Gasoline 0il Shale
5 Liquids Oil Shale
6 Gas ° Biomass

Hat Creek Coal in Water Treatment

Coals,especially low rank lignites and sub-bituminous
varieties ,have long been known to exhibit substantial
ion -exchange and physico-chemical adsorptive proper-
ties and historically have played a limited role in
water treatment, usually as an alternative to activa-
ted carbon. Such coal can potentially be used as a
filter medium, absorbant, ion exchange resin or support
medium in biological filters. Investigations of the uti-
lization of coal for such purposes have shown that, in
general, coal does not offer any unique advantage over
conventional materials and, depending on the function,
usually is not as efficient. Problems encountered dur-
ing investigations which would pertain to Hat Creek

coal utilization include blinding of treatment beds and
the contamination of initial charges of water by fine
particles which are colloidal in nature [Ref, 26, 27, 28].

The only water treatment areas where coal could poten-
tially be competitive with conventional systems appears
to be in the limited instances where enhanced suspended
solids removal is required or for treatment of industri-
al waste streams which are heavily contaminated with
trace metals. However the presence of substantial quan-
tities of intercalated bands of swelling-clays in Hat
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Creek coal precludes its use for removal of suspended
solids. TIts use would likely lead to enhancement of the
problem unless substantial pretreatment of the coal was
first carried out. However, this would create its own
suspended solids problem.

It is reported that the utilization of suitable pre-
treated coal as a precoat filter could be competitive
with other filtration techniques. However bed blinding
requires the periodic removal and replacement of surface

layers where clogging occurs. It is anticipated that in
the absence of suitable methods of regeneration the heat-
ing value of the removed coal must be recovered for such
a use to be economical.

The adsorptive capacity of coal, in particular Hat Creek
coal, is reported to be larger than activated carbon re-
lative to selected trace metals at high influent concen-
trations and equilibrium levels of 300-400 mg/l. Adsorp-
tive capacity drops off significantly when equilibrium
levels of less than 5 mg/l are desired. Large quantities
of coal would be necessary relative to required effluent
concentrations, bed replacement, and the nonregenerative
nature of coal. Unless the coal's heating value is re-
covered, the economics of coal use as an adsorptive agent
would prcbably be prohibitive due to the base cost of the
coal, transportation costs and subsequent disposal as a
solid waste.

Utilization of Hat Creek c¢oal for water treatment pur-
poses appears to be quite limited in scope. 1Its use
would be additionally restricted to those applications
where facilities are available to recover the heating
value of the coal. It is believed that such restricted
use could not justify, in itself, mine development or
the installation of coal preparation and supporting
transportation facilities to produce and prepare the
coal in marketable form in competition with existing,
conventional supplies of water treatment materials.

gL
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COAL PROCESSING

Basis of Process Selection:

The discussion of general technical considerations in the
preceding section indicated that the available methods of
utilizing Hat Creek coal included manufacturing the following:

a) Principally solid products.
- Combustion fuel for thermal power generation.
- Conversion to solvent refined coal by hydrogenat-
tion under high severity conditions.
b) Principally liguid products including:

- Conversion to liquid forms by . hydrogenation under
suitable conditions of high severity.

- Conversion of synthesis gas produced from coal to
liguid forms by Fischer-Tropsch and methanol process
technologies.

- Pyrolysis of ccal to produce tars, o0ils and residual
char for subsequent use.
c) Principally gaseous products including:

- Conversion to "low BTU gas" based on gasification
with air.

- Conversion to "high BTU gas" based on gasification
with oxygen. '

- Conversion to Substitute Natural Gas (SNG) by meth-
anation of high BTU gas.

The use of the coal as combustion fuel for thermal power
generation is outside ths scope of this study. For the
other selected processes in the above categories material
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and energy balances have been estimated based on producing
approximately 316.5 TJ/d4 (equivalent to 3663 MW_ or 50,000 BPD
petroleum derived fuel o0il) of energy products, exclusive of

energy value credit for byproducts sulfur and ammonia.

The major focus of at?ention in this study is coal conver~
sion to liguids and solids by direct hydrogenation and in-
direct methods in whiéh the coal is first gasified. Sources
of data related to the direct liguefaction of Hat Creek Coal

were as follows:

i)

ii)

iii)

H-Coal process data is based -on a recent study of
that process published by EPRI* and based on data
provided by the developer, Hydrocarbon Research
Incorporated [Ref. 29]. That work has recently been
amplified in additional studies funded by EPRI ([30-33].

Hat Creek data estimates for the Exxon Donor Sclvent
Process are based on application of the process to
Wyodak coal, a western USA sub-bituminous coal, as
published in reports on work funded by the Department
of Energy (USA). [Ref. 37-38]

Data on the SRC-II (liquid fuel product) and SRC-I

(solid fuel product) are bésed on studies performed
by the contractor in connection with-the Northeast

Coal Utilization Program NECUP. [Ref. 34-36]

The SRC-I and SRC-II processes are not generally con-
sidered to be suitable for processing coals of the

Hat Creek type. However studies by NAMCO indicate that
Hat Creek coal is a reactive variety which is possibly
suitable for conversion by the SRC type processes

[Ref. 16]. Recent discussions with the process developers

indicate that SRC type technology is applicable to sub-
bituminous coals of Wyodak type. o

e

*EPRI - The Electrical Power Research Insititute, Palo Alto,

California.
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The various processes referred to above related to direct
coal hydrogenation are described in the following report
material.

The sources of data related to indirect coal liquefaction
were as follows: [Ref. 39-567T

i) Private files and estimates of cost and performance
data for methanol manufacture and Texaco gasification.

ii) Published sources and previous studies for B. C. Hydro
on Fischer-Tropsch technology and Lurgi gasification.

iii) Recently published data on use of Winkler gasification
applied to lignites in the manufacture of methanol.

iv) Data on the gasification of sub-bituminous coals by the
Koppers process as published by Koppers.

v) Concepts from the literature such as combination methods
where the Lurgi process is used as the primary method
and coal fines are disposed of in Texaco or Koppers
type gasification units. .

vi) Data on the Methanol to Gasoline (MTG) process reported
in work funded by the Department of Energy.

The sources of data employed in estimates of the various
processes for coal gasification (Texaco, Lurgi, Koppers and
Winkler) and those for conversion of synthesis gas to liquids
(Fischer-Tropsch, Methancl and Methanol to Gaso;ine are ref=-

erenced in the report and Appendix D.

The list of processes or combinations of processes selected
for evaluation are tabulated as follows: (Table 3.1)



Table 3.1 Processes Selected for Evaluation

Process Type

A. Direct hydrogenation®*

B. Fischer-Tropach synthesis

C. Methanol synthesis

D. Methanol to Gascline

E. Production of synthetic
natural gas (SNG)

*Cases Al, A2 and A3 produce liquid fuels and Case A4 (SRC-I) produces mainly clean solid boiler

fuel by hydrogenation.

Process Description

H-Coal
EDS
SRC-11
SRC-1

Texaco gasification

Koppers gasification

Winkler gasification

Lurgi (Sell Fines) gasification
Lurgl (Maximum Power) gasification
Lurgl & Texaco combination

Lurgl & Koppers combination

Texaco gasification

Koppers gasification
Winkler gasification

Lurgi (Sell Fines)

Lurgl (Maximum Power)

Lurgi & Texaco combination
Lurgl & Koppers combination

Texaco gasification
Koppers gasification
Winkler gasification

Lurgi (Sell Fines)

Lurgi (Maximum Power)

Lurgi & Texaco combination
Lurgi & Koppers combination

Methanation based on Lurgi
gasification

Appendix D
Case Fiqure
Al p1.1
A2 D1,2
A3 Dl.3
A4 Dl.4
Bl Dl.5
B2 D1.6
B4 Dl.7
B4 D1.8
B5 Dl1.9
B6 D1.10
B7 Dl1.11
cl Dl1.12
c2 p1.13
Cc3 D1.14
c4 D1.15
.C5 D1.16
c6 D1.17
c? bl.18
Dl D1.19
D2 D1.20
D3 Dp1.21
D4 D1.22
D5 D1.23
Dé D1.24
D7 D1.25
El D1.26

Table
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For the cases enumerated under the above studies, A, B,

C and D, overall material and energy balances were esti-
mated based on the available information for the various
component subprocesses of which they are composed. Block
flow diagrams, showing coal, air, water and power require-
ments and product rates, were drawn. Concise performance
diagrams showing yields hased on the energy in one tonne

of coal were developed from the estimated overall perform-
ance data. This data are summarized in Figs. Dl.1 - Dl. 26
(Appendix D) and Tables 3.3 - 3.7 on the basis of coal prop-
erties summarized in Table 2.2 corresponding to the "As-Re-

ceived-Corrected” basis,

In order to permit economic studies to be performed, capital
cost estimates were also made for the various cases listed
above. Literature and file cost data on the various proces-
ses and component subprocesses apply to different capacity
plants at different points on the escalation curve. For
each case adjusted estimates were prepared applying to a
plant capacity of 316.5 TJ/d of products or 50,000 BPD Fuel
0il Equivalent (FOE), in 1980 Canadian Dollars.

Wherever possible, contingencies and safety factors have been
eliminated from the estimated data; only basic erected plant
costs are estimated. Capital costs are indicated to be "with-
out adjustments” meaning that interest during construction,
owners costs, working capital, starting costs and similar
items are not included in them. It is intended that the sen-
sitivity analyses be employed to assess the impact of vari-
ous levels of contingency on the economic feasibility of the
project. The addition of commonly assumed contingency levels
to the quoted capital cost figures will elevate the costs con-
siderably (See Tables 3.3 - 3.7). Economic assumptions are
discussed in detail in Section 5.
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Synthetic Fuel Specifications

The product specifications required on produced product
qualities from the various synthetic fuel facilities
evaluated are summarized in Tables 3.2A to I, as follows:

Table 3.2A LPG Quality - Approximate Average
3.2B Gasoline Specifications
3.2C Jet Fuel Specifications
3.2D Light and Heavy Diesel Fuel Specifications
3.2E Light Fuel 0il Specifications
3.2F Ethylene Quality
3.2G Sulfur Quality (byproduct)
3.2H Alcohols Quality (Fischer Tropsch)
3.21 Ammonia Quality (byproduct)

In the case of each process studied, considerable flexi-
bility exists to tailor the product slate and product speci-
fications in order to match particular market demands. The
product slates made in the varidus cases studied generally
correspond to the "as produced" situation without adjustment

by further product conversion and refining operations. Fischer

Tropsch processing may, for example, be selected to maximize
gasoline, diesel, chemicals or SNG production. Heavier H-Coal
products may be converted in high proportion to transportation
fuels by additional hydroprocessing. Methanol and SNG can be
manufactured in varying proportions in a facility, though for
this study methanol production was maximized in the methanol
studies.

In some cases, product gualities exceeded Canadian market re-
quirements and could command premium values to the synthetic
fuels manufacturer selling to the petroleum refining industry.
It was beyond the scope of this study to compare processes
taking into account such special premium product values. How-
ever, the influence of special credits will be an important
consideration in future more detailed studies., The capability
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of the Exxon Donor Solvent (recycle mode) process to pro-

duce high yields of excellent quality gasoline, as an ex-

ample, should be considered in more comprehensive studies

carried out in consultation with the process developers.

Table 3.2A LPG Quality - Approximate Average

Vapor Pressure - 38°C
Sulfur wtd
Butane and Heavier vol% max.
Moisture wtd

Table 3.2B Gasoline Specifications

29 KPa (maximum)
0
0.5 (liquid)
0

Winter

Summer
Reid VP KPa minimum -
maximum 76
Lead mg/1 13
Octane Number (ON)
RON ‘ -
MON 82
(RON + MON)/2 87

62
97

13

- Research Method
- Motor Method
89.1
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" Table 3.2C Jet Fuel Specification

End Point °C
Distillation Residue vol%
Flash Point
Freezing Point °C
Net Heat of Combustion MJ/kg
Sulfur wti
Compositon
napthalenes vol$
aromatics vol%
Viscosity -20°C CS

Table 3.2D Light and Heavy Diesel Fuel Specifications

Minimum

Normal

300°C
1.5

-47°C
42.8
0.2%

3.0%
22.0%

Maximum

Flash Point °C
Cloud Point °C
Pow Point °C

Distillation 90% point °C
Sulfur wt%
Cetane Number
Viscosity 38°C CS§
cs

Light
40 (min)

290 (max)

0.2% max

40 min

1.2 min

Heavy
40 {min)

0°cC
-6°C

360 (max)

0.7%
40

4.1

4.1

max
min
max
max



Table 3.2E Light Fuel 0il Specifications
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Plash Point °C (min)

Water and Sediment vol% (max

Ash wt% max

H

Viscosity min/max CS.

Table 3.2F Ethylene Quality

Purity vol% min

Acetylene
Hydrogen
Propylene

Sulfur
Oxygenates
Carbon Dioxide
Water

Nitrogen + Argon

vol.ppm
vol.ppm
wt.ppm
wt.ppm
wt.ppm
vol.ppm
vol.ppm
vol.ppm

54°C

0.5%

0.1%

5/24 CS
99.9

max

max

max 25

max 1

max 1

max 15

max 5

max 50
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Table 3.2G  Sulfur Quality (byproduct)

Purity wt$ min 99.0
Color Bright Yellow

Table 3.2H Alcohols Quality (Fischer Tropsch)

Reid Vapor Pressure KPa abs 11.0
Research Octane Number 93
Motor Octane Number 90

Table 3.2I Ammonia Quality (byproduct)

Purity wt® min 99.7
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Projected Process Data for Hat Creek Coal

Approximate projections from existing design data were

made in order to evaluate the potential ﬁrocesses for manu-
facturing synthetic fuels from Hat Creek coal. The cases
studied are as enumerated in Section 3.1. The cases for
study were selected recognizing the characteristics of

Hat Creek coal, as discussed in Section 2.4. In summary,

the coal is suitable for gasification to varying degrees

by the processes selected; it has been found to be relativeiy
easy to hydrogenate and is therefore probably suitable for
liquefaction by direct hydrogenation; and it has been found
to produce unsatisfactory tar yields in Fischer Assay stud-
ies (Table 2.5) making it an unsatisfactory candidate for
pyrolysis. The various processing component operations in
the cases studied are described in Appendix D. The methods
of linking together the component process units are indicated
in Figs. D1.1 to D1.26 of Appendix D. Material requirements
and product yields are indicated in Figs. D1.1 to D1.26.
Tables 3.3A té 3.10 summarize estimated capital costs and ma-
terial and energy balances as follows:

Table 3.3A Direct Ligquefaction of Coal Estimates
Data for Cases Al - A4

Table 3.4 Fischer-Tropsch Estimates
Data for Cases Bl1 -~ B7

Table 3.6 Methanol Estimates
Data for Cases Cl1 - C7

Table 3.7 Methancl to Gasoline Estimates
Data for Cases D1 = D7

Table 3.10 SNG Estimates
Data for Case El
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Thermal efficiency, an important measure of synfuel plant
performance, is indicated on the above-noted set of tables
of data. '

Operating costs for the various cases defined relating to
labor requirements, maintenance costs, catalyst and chemi-
cals and other items are summarized in Section 5 - Economics.

Direct Coal Liquefaction

Table 3.3A summarizes estimated cost and performance data

gor processes involving hydrogenation of coal. Case Al is
#epresentative of H-Cocal process performance based on studies
of application of the process to Wyodak coal. Table 3.3B
éompares Hat Creek and Wyodak coals [Ref. 56]. The newly
developed mode of Exxon Donor Solvent (EDS) process opera-
tion, in which vacuum tower bottoms slurry (VIBS) is re-
cycled to coal liquefaction, may be expected to resemble

Case Al in thermal efficiency and capital requirements,

though it may have a greater value product slate because of

higher gasoline production.

This projection of performance for the H-~Coal type process
producing a synthetic crude oil compares favorable with the
indirect coal liquefaction cases discussed in relation to
the subsequent B, C, D and E group tables. The H~coal type
process is projected to have a thermal efficiency approxi-
mately ten points greater than the best indirect liquefac-
tion case for Hat Creek coal. However, attainment of an
efficiency of 60 percent is contingent upon being techni-
cally able to produce hydrogen at currently projected effi-
ciencies by partial oxidation of VTBS. Schemes which pro-
duce hydrogen by steam reforming of the gaseous product
fraction tend to be similar to indirect coal liquefaction
in thermal efficiency. Schemes which produce hydrogen by
steam reforming of product gas introduce the need to dis-
pose of residue VIBS by other methods than in hydrogen
manufacture.



Table 3.3A pirect Coal Liguefaction Eat imates

Proces. Caralytic Hydroliguefaction Processes Nop-Catalytic Hydroliquefaction Processes
H-Coal & EDS (VTBS EDS £) |
Case {Zero VTBS SRC-IL Type Process -
Recycle Type Process) Ruzycle Type Process) Liquid l‘uelse ske ISE)I‘!i)g g::‘fﬁ"
Al A2 Al Ad
Total Plant Investment Capital § millign{CnN)
Coal preparation and dryiag 126
Coal liquefaction 435 Notes 3,4,5,6 Notes 7,8
+4.5, '
Hydrogen production 6838
offsites LS
Investment |w/o adjustments) 2,208 iNnte L) 2,74 t
(ftote 10} ’ ° (760 (Note ) 2,208 . 2,208
Haw Materiails
Coal e/d 38,095 45,714 6,895 35,281
Puwer " o v 0 “a
Raw water mi/d 28, no0 3,540 4,000 25,00
Product Slate T9/d  a'sd  ryg 1244 3 3
alig ed o | i 2l g | e 2l wa
Naphtha 54° API 133.1  380s 150.8 4309
Turbine fuel 289 API 1152 291 104.1 2665 }5!'5 ,1560 hote 11y
Bailer fFucl 11° ApP1 6B, 2 1631 61.6 1478 258.0 6480 63.3 1680
Amponia 3.6 160 4.3 190 3.6 160 2.8 1258
sulfur 1.6 175 1.9 210 1.6 17% 0.9 100
Phonols a.7 10 0.8 % a.7 30 0.4 17.0
SRC-Boiler fuel 25 '
3.2 6360
Total cnergy products lle.s 83170 316.5 Bd59 316.5 8370 316,5 BD4D
Thermal cfficiency (Nobe %) 60 50 60
63
3

Noteg

1.

10.

11.

H-Coal capital cost is based on study of the process
applicd to Wyodak coal. Adapted f[rom EPRT Report
AF-1297.

EDS capital cost iS basod on study of the process
applicd to Wyodak coal. Adapted from DOE Report

FE 2353-13

The SRC-I1 process is generally reported to be
similar in capital requircements to the catalytic
cype processus. In this case, the capital cost is
taken to be the same ag H-Coal, since both arce hascd
on hydrogen production by the gasification of vacuum
residue from coal liquefaction.

Reliable yield data from a commcrcial plant design
based on Western sub-bituwminous e@oal is not avail-
able for the SRC-II process.

Laboratory studies by NAMOQ indicate the feasibility
of SRC-11 type processing applicd to Hat Creck Coal.

Upder sguivalent hydrogen consumption conditions, the
SRC-11 procegs is expected to produce a heavier pro-

duct mlate {more poiler fucls) than the H-Coal procuss,
SRC-1 process has been found to have similar capital
requirements to be catalytic hydroliquefaction pro-

cegses, The smaller hydrogen menufacturing facility in
the SRC-1I proceas tends to be offset as a gapital saving by
the hiaher cost of filtration and/or slvent de-ashing facility.
SRC-I data is taken from h;rner work for B.C. Hydro and
data collected by the contractor for the Northeast Coal
utilization Program (USA}.

rhermal efficieacy exclusive of allowance for sulfur,
ammponia and phenols.

Adjustments to estimate made subscguently in developing
cconomics include adding construction interest cost and
items of a similar nature - See Pane 59 For additiongl
cxplapation.

Naphtha and turbine fucl are lumped in Case A3 since in-
sufficient data exists to estimate split of products for
Hat Creek coal in the literature. Scoe Comments on Page D-10
of Appendix D.

L9
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Table 3.3B Comparison of Wydodak (Sub-bitumincus)
and Hat Creek Coals

Percent Dry Basis

Coal ' Wyodak Hat Creek*
Ash 9.1 46.14
Heating Value MJ/kg. 27.05 13.85
Carbon ; 66.8 46.14
Hydrogen : 5.2 3.66
Oxygen : 17.0 15.28

*Parformance Blend
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The EDS process, Case A2 of Table 3.3A, is illustrative of
producing hydrogen from the gas and disposing of VIBS by
Flexicoking, a proprietary Exxon process. A lower efficien-
cy is predicted for EDS operation on Hat Creek coal based on
information reported on Wyodak coal liquefaction plant designs.
Diversion of the product gas from hydrogen manufacture into
the product slate leads to an improvement in thermal perform-
ance. The Flexicoking process consists of a fluidized bed
coking (pyrolysis) operation with an added fluidized bed gasi-
fier disposing of the coke to produce fuel gas or hydrogen.
Considerable development work in the application of Flexi-
coking to VIBS conversion has been carried out by Exxon and

it may be regarded as the best available technology for this

purpose.

Case A3, Table 3.3A is representative of SRC-II type process
performance. The SRC-II type process produces a heavier

liquid product slate with a greater gas yield than the H-Coal
process. SRC-II performance differs from H-Coal in the major
respect of non-use of catalyst. With the provision that the
product has a lower value than that from H-Coal, the SRC-II
plant appears to closely resemble H-Coal in capital requirements
and thermal efficiency. However, the H-Coal process may be more
technically advanced than SRC-II, in view of experience gained
-at the Catlettsburg H-Coal unit. SRC-II has been presented

as a process aiming at the boiler (utility) fuel market in

view of its heavier, lower hydrogen, product slate.

No reduction in capital is claimed in Case A4, Table 3.3A as
a result of producing SRC-I type product. The SRC-I type
process is penalized by the high capital cost of the section
of the process where ash is separated from the molten solid
SRC-I type fuel product. Filtration or solvent precipitation
{solvent de-ashing) are the process elements present in SRC-I
but not in coal liguefaction types which tend to destroy any
advantages of the solid fuel process.
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The high oxygen content of Hat Creek coal tends to penalize
its conversion by direct hydrogenation. The oxygen is con-
verted to water consuming process hydrogen in the operation.
Hat Creek coal may be expected to compete poorly with higher
rank coals as feed for coal liquefaction. A mid-continent
U.S. bituminous coal such as Illinois No. 6, shows a thermal
efficiency about ten percentage points greater than the cor-
responding application of a process to Hat Creek coal, and cor-
respondingly better economics.

Considerable scope exists for fu;iher study of the appli-
cability of direct cecal liquefacﬁion to Hat Creek coal.
Further work could usefully be undertaken if economic studies
supporting the present review support continued interest in
the direct route.

A pilot plant test program would be necessary in order to
establish fully the applicability of any direct liquefaction
process to Hat Creek coal. Laboratory tests performed by
NAMCO in 1978 indicated that Hat Creek Ccoal is reactive and
readily liquefied, so that all of the major coal liquefaction
process developments involving direct hydrogenation may expect
some measure of success in the application.

In view of the low sulfur and nitrogen content of Hat Creek
coal, the products of direct liquefaction may be expected

to be of excellent quality, requiring minimum additional
upgrading. The high ash content and evidence of reactivity
may point to non-catalytic processes such as SRC-I and
SRC-II and possibly EDS as satisfactory options. Since sul-
fur content may have a role in establishing reactivity, it
may be necessary to employ a catalyst as in the H-Coal pro-
cess in order to obtain satisfactory high conversion levels.
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3.3.2 Fischer-Tropsch Synthesis

Table 3.4 is the result of a screening study examining the
use of the Texaco, Roppers and Lurgi gasifiers to produce
synthesis gas as feed to Fischer-Tropsch synthesis. Aall
cases in Table 3.4 show lower thermal efficiencies, and
higher capital requirements, than the direct liquefaction
cases studied in relation to Table 3.4. The limited Fischer-
Tropsch data available in the literature applies to use of
the Lurgi gasifier. Studies where other gasifiers are used
in association with the Synthol or Arge Fischer-Tropsch
process are not known. For this work, the gasifiers other
than Lurgi were employed to produce a gas of similar compo-
sition to Lurgi, as required by Fischer-Tropsch stoichiometry,
on a methane-free basis. Adjustments were then made for the
methane difference in the subsequent process analysis by re-
ducing the steam-methane reforming preocess provisions.

The results of the above procedure are approximate and can
only be employed as a very rough guide in assessing potential
advantages of other systems. 1In fact, a convincing argument
to adopt other than the Lurgi, established, route could not
be identified.-

A consideration of importance in relation to the Lurgi
gasifier is the method of disposing of the ungasifiable
fine coal residue. Fines are produced as coal is crushed
to the size range permissible as feed to the Lurgi gasi-
fier and in the case of Hat Creek coal amount to 36 percent
of the coal supplied at battery limits [Table 2.1}. 1In
this work four methods for utilizing the fines were con-
sidered. In the first method, the simple option of selling
the fines was assumed to be accessible. However, the pro-

cess has the need to import a substantial amount of power in
the Lurgi case. Therefore, in the second alternative, the



Table 3.4 Fischer-Tropsch Process Estimates

Case
Gasifier Type

Capital $ million CDN
(excluding adjustments)

Raw Materials
Coal (AR) t/d
Power net MW
Raw water m3/d

Products
Fuels TJ/d
Coal fines t/d
Byproducts
Sulfur t/d
Ammonia t/d

Thermal Efficiency
(a) Including byproducts
(b) Excluding byproducts

Bl

Texaco

4416

69890
(100)
52000

316.5

230

35.5
35.2

B2 B3 B4 BS B6 B?
Lurgi Lurgi Lurgi & Lurgi &
Koppers Winkler Sell Fines Max. Power Texaco Koppers

4796 3657 3738 4347 3968 3968
71247 71791 66395 66395 58600 58710
100 150 450 (73) 315 360 N
51300 41000 45800 51800 47000 ' 47000
316.5 316.5 316.5 316.5 316.5 316.5
10700 '
230 230 150 150 175 175
300 . ..300 210 210
31.5 30.9 36.0 37.3 36.3 35.8
31.3 30.7 35.1 36.4 35.6 35.1
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option selected was to employ fines as boiler fuel for
power generation, supplying all gasifier and process power
needs and producing a net amount of power for export. In
the third option, the fines were disposed of in a Texaco
gasifier, and in the fourth option, in a Koppers gasifier.
Table 3.4 shows no significant differences between the
various cases of fines utilization. The -difficulty of
applying the Texaco gasifier in service to Hat Creek coal
probably excludes that case, unless the tars, phenols and
0ils produced by the Lurgi units can be made to supplement
or reduce the use of water in the coal slurry feed to the
Texaco gasifier. The possibility of employing the Lurgi
gasifier itself to dispose of a considerable portion of
tar, ¢il and phenolic byproducts, as assumed, should be
recognized, though this is sometimes a debated point. The
Lurgi/Koppers combination is an all commercial system. The
Koppers units could be used to dispose of environmentally

- dangerous materials such as phenols, etc. since these can

accommodate both liquid and finely ground solid feedstocks.

The maximum power Lurgi case, where the fines are employed
for power generation, shows the largest contingency- excluded
capital requirement, due to the incremental cost of the
boilers. The viability of this case will depend on the
price of power available from outside sources at the Hat
Creek site and the sales price of fines, as sold outside

the plant.

One of the more costly features of the Fischer-Tropsch
process is the extreme range of products. As a result

of the wide product spectrum, the Fischer-Tropsch process
involves extensive product separation and refining facili-
ties as part of the complex. More specific Fischer-Tropsch
catalysts may make the process more attractive. However,
specificity of output has not as yet been established in
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this synthesis technology. The following Table 3.5 sum-
marizes the product slate selected as the basis for Fischer-
Tropsch review in this study.

The thermal efficiency quoted in Table 3.4 corresponds to
conversion of part of the light hydrocarbons produced to
synthesis gas by steam reforming, thereby reducing its level
to that quoted. The availability of a market for gaseous,
methane and- ethane, products may be expected to lead to
higher efficiencies. Reports on Sasol plant performance,
based on.marketing gasecus products lead to the expectation
of thermal efficiencies of on the order of 60 percent baséd
on low rank coal gasified by the Lurgi process. The possi-
bility that the Fischer-Tropsch process may be made to match
closely a_mixed requirement for gas, diesel fuel, gascline,

olefins and alcohols while maintaining satisfactory, economic,
levels of thermal efficiency should continue to be considered.

An important difference between performance and economics of
Fischer-Tropsch and direct coal liguefaction processing re-
lates to the type of product. The Fischer-Tropsch process

produces light, potentially premium, fuel and chemical products
which are refined by well-established oil refining technology.

The same may be claimed for the direct ligquefaction proces-
ses but there are more unknowns and more difficulties asso-~
ciated with the upgrading of direct liguefaction products,

particularly in the heavy range. Carcinogenic hazards may

be another significant hurdle for direct cocal ligquefaction

to negotiate before Sasol-scale projects can become commer-
cially realized.
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Table 3.5 Product Slate Used for Fischer-Tropsch Estimates

HHT
13/4 m’/d t/d
Cl - C4 6.2 | ‘ 168 ‘
Ethylene 34.8 670
Jet fuel* 31.3 850
Gasoline 167.5 ‘ 4800
Diesel (Dl&DZ) 58.1 1574
Light fuel o0il 5.0 119
Mixed alcohols - 13.6 563

Note: Coal fines production in cases where Lurgi process
is used and coal fines are sold (see Table 2.1).

*Included in avaiation gasoline.




Methanol and Methanol-to-Gasoline Synthesis

Tables 3.6 and 3.7 summarize methanol studies and methanol
to gasoline (MTG) studies based on the gasifiers considered
in relation to previous Fischer-Tropsch related discussions
of Table 3.4. Methanol production generally shows higher
thermal efficiency and lower capital requirements than the
corresponding Fischer-Tropsch cases. MTG is somewhat less
attractive on this basis ﬁhan methancl but is considerably
more attractive than the corresponding Fischer-Tropsch case.
The MTG process products‘are more widely generally useful
than methanol in present energy economies. However, a
widespread swing to methanol-based fuels could lead to the
direct use of methanol in ﬁransport, obviating the need for
MTG.

Many of the observations made in the previous discussion of
Fischer-Tropsch technology apply in the case of methanol and
MTG processing. The limitations on Texaco gasification, be-
cause of the high water and ash content of Hat Creek coal,
make it a possibly unsatisfactory process for use in methanol
and MTG based processes. However, the operating pressure of
the Texaco gasifier is well matched to that of methanol low
pressure technology and the results indicate that the Texaco
process should be considered in any further venture evalua-
tion studies. The advantage which Lurgi processes seemed to
have in Fiséher-Tropsch studies appears to be much reduced or
not to exist in the cases of the methanol and MTG process
routes. Only the Koppers-based process route appeared to
border on a significantly lower economic level of attractive-
ness than Lurgi-based technologies. Environmental constraints
on Lurgi processing and the possible difficulty in recycling
tars and oils to extinction in that case may make the Koppers
process more attractive than Lurgi, irrespective of economic
projections.



Table 3.6 Methanol Synthesis Estimates

Case cl Cc2 Cc3 C4 Cc5 ce c7

Gasifier Lurgi Lurgi Lurgi & Lurgi &
Texaco Koppers Winkler Sell Fines Max. Power Texaco Koppers

Capital $ million CDN 2990 3226 2473 2703 3117 2818 2818

{excluding adjustments)

Raw Materials

Coal t/d 47483 48027 44671 46647 46647 41371 41123
Power net MW (75) 350 150 359 0 275 370 3
Raw water m>/d 34600 34600 20600 . 35450 42000 37230 37000
Products
Fuels TJ/d 316.5 316.5 316.5 316.5 316.5 316.5 316.5
Coal fines t/d 7342
Byproducts .
Sulfur t/d 150 150 150 150 150 150 150
Ammonia  t/d 300 300 210 210

Thermal Efficiency
(a) Including byproducts 51.2 42.3 48.5 50.2 50.2 50.3 48.6
(b) Excluding byproducts 50.9 42.1. 48.3 49.0 49.0 o 49.4 47.6




Table 3.7 Mobil Type (Methanol to Gasoline) Estimates

Casge Dl
Gasifier

Texaco
Capital § million CDN 3416

{excluding adjustmentsa)

Raw Materials

Coal t/d 50385
Power-net MW (50)
Raw water mald 30000
Products
Fuels T3/d 316.5
Coal fines t/d
Byproducts
Sulfur t/d 170
Ammonia t/d

Thermal Efficiency
{a) Including byproducts 47.3
(b) Excluding byproducts 47.1

D2
Koppers

3652

50748
375
30000

316.5

170

40.0
39.8

D3
Winkler

2852

48027
175

19200

316.5

170

44.9
44.7

D4
Lurgl
Sell Fines

3105

51700
369

31000

316.5
8843 .

170

330

46.5
45.2

‘D5
Lurgi
Max. Power

3623

51700
(70)

35000

316.5

170
330

47.9
46.6

311
Lurgi &

Texaco

3278

44989
285

28800

316.5

170
230

46.6
45.6

D7
Lurgi &'
Koppers

3278

44717
380

8L

28600

316.5

170
230

45'3
44.4
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Reliability and operating experience are important con-
siderations in selecting a gasification process synthesis
process combination. Lurgi is reported to have accomplished
satisfactory performance at the Sasol installation. Koppers-
based methanol {and ammonia) production from coal is reported
to have accomplished an'operating reliability comparable with
that of units employing gas and naphtha as feedstock for steam
reforming. This statement is based on experience gained at

the unit in Modderfontein, South Africa, which has been opera-

ting for five years [Ref. 75].

Table 3.8 Product Slate Used for Methanol Estimates

T3/d m3/d t/d
Methanol 316.5 17535 13970

Table 3.9 Product Slate Used for MTG Estimates

73/d m=/d
LPG 53.5 1907
Gasoline 263.0 7652

Note: Coal fines production in cases where Lurgi process
is used and fines are sold (see Table 2.1).



3.3.4

80

Synthetic Natural Gas

Since 1977, when the previous study was completed [Ref.l]
very large new reserves of natural gas have been dis-
covered in British Columbia. Some indication of the ex-
tent of these new reserves is provided by evidence pre-
sented to the British Columbia Energy Commission during
the Fall of 1980. For example, the submission by West-
coast Transmission Company Limited provided details of

the historical growth of proved initial pipeline gas re-
serves in Northeast British Columbia. For the period
since 1968 the results indicate a linear increase, the
slope being equivalent to the proving of 13 x 109m3

(490 Bcf.) per year, and this trend is expected to con-
tinue for a further five years, thereafter declining at

5 percent per year. It is further predicted that the
favorable geology of northeastern British Columbia, in-
cluding the Elmworth trend, Foothills structures, Devonian
Reef trends and Fort St. John reefs will provide a reserve
of 663 x 10°m> (23.4 Tcf.) by 1999, compared with 357 x 10°m>
(12.6 Tcf.) in 1979 with an ultimate potential of between
570 - 850 x 109m3 {20 - 30 Tcf.) [(Ref. 84]. This situation
is therefore considerably more optimistic than views ex-
pressed by the British Columbia Energy Commission in 1976

and referred to in the previous Study. [Ref. 1]

Market studies now indicate that SNG cannot. compete economi-
cally with natural gas in the area potentially served by the
Hat Creek coal deposit. Table 3.10 and Fig. D1.26 indicate
cost and performance data associated with facilities for the
manufacture of SNG based on use of fines for power generation
and the Lurgi gasifier. However, it should be noted that as
a synthetic fuel considered on a $/GJ basis, SNG is highly
competitive with all other synfuels considerd in this study.



Table 3.10

Comparative SNG Data

Case
Gasifier

Capital $ million
(excluding adjustments)

Raw Materials
Coal t/d
Power-net MW
Raw water m3/d

Products
Fuels TJ/4
Coal fines - t/d
Byproducts
Sulfur
Ammonia

Thermal Efficiency
(a) Including byproducts
{b) Excluding byproducts

G

El
Lurgi
ax. Power
roductio

3105

38100

50000

316.5

120
250

61
60




Table 3.11

Estimates of Ammonia and Sulfur Production

Lurgi Lurgi Lurgi & iurgi_s

Process Gasifier Texaco | Koppers | Winkler | Sell Fines| Max. Power | Texaco Koppers
Ammonia t/d4 300 300 210 210
Fischer-Tropsch | ¢ 1fuyr t7a | 225 230 230 150 150 © 175 175
L, Ammonia t/d 300 300 210 210
ethanol Sulfur t/a | 150 150 150 150 150 150 150
ethanol to Ammonia t/4 330 330 230 230
Gasoline Sulfur t/4 170 170 170 170 170 170 170

c8
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PRODUCT MARKETS

World 0il Outlook

Oil is projected to remain the largest single energy source
at least for the next 20 years. The world's remaining con-
ventional oil resources are estimated to be in the range of
1 to 1% trillion barrels. This number includes oil which
has vet to be discovered.

Growth of world oil consumption in the.past has been large-
ly in the major industrialized countries. 1In 1979, almost
58 percent of the world's total oil consumption was in the

" United States, Europe and Japan. This figure is projected

to drop to 48.6 percent in 1990 and to 42.9 percent in the
vear 2000,

Table 4.1
Projected World 0il Demand
million m3/d

Area 1979 1990 2000
United States 2.9 2.5 2.4
Europe 2.4 2.1 2.1
Japan - 0.8 0.8 0.8
Other Industrial Countries 0.6 0.6 0.6
Developing Countries 1.7 2.7 3.8
Centrally Planned Economies 2.1 2.4 2.5

Total 10.5 11.1 12,2

[Ref. 100]

The ability to produce o0il is limited by the availability
of discovered reserves, reservoir characteristi¢s and the



rate at which new reserves are found and developed. The
use of secondary and tertiary recovery methods, by sub-
stantially increasing the stock of recoverable reserves,

is beginning to make a major contribution to existing re-
sources but it is anticipated that more o0il will continue
to be produced than discovered, so discovered reserves will
continue to decline.

There is a growing tendency among many oil exporting coun-
tries to limit their oil proddbtion in anticipation of
higher prices. Limitation of production quotas has been a
major feature of the OPEC cartelization. The relatively
small current needs of some of these countries for increased
revenues and their problems in finding satisfactory invest-
ments for excess funds also encourage this tendency.

0il supply is expected to increase by 10 percent between

1990 and 2000, North American supply is expected to drop by
25 percent from its 1979 level of 12 million b/d to 9 million
b/d in 1990. Table 5.2 below shows 1979 actual and projected
1990 and 2000 world oil supply from major sources.

Table 4.2
Projected World Oil Supply
milliqn m3/d

Source 1979 1990 2000
United States and Canada 1.9 1.4 1.4
Europe 0.3 0.6 0.6
Other 1.0 1.6 2.1
OPEC 5.1 4.8 4.6
Centrally Planned Economies 2.2 2.4 2.5
Synthetic and Heavy 0il - 0.3 1.0
Total 10.5 11.1 12.2

{Ref. 100]
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Conventional o0il share of world energy supply is expected
to shrink from an estimated 54 percent in 1980 to 45 per-
cent in 1990 and only 37 percent by the year 2000 (Table
4,3). 0il exploration and production will become more
costly because many of the newer oil reserves are situated
in remote locations, in harsh operating environments or
are offshore.

Because of longer-range limits on the ability to continue
to expand conventional oil and gas development, synthetic
fuels are likely to be needed at some time in the future

to meet unigue liquids and gas requirements in traﬁsporta-
tion and certain industrial sectors, especially petrochem-
icals. Because there have been no new confirmed projects to
construct commercial synfuels facilities, any projection for
the future is highly speculative. Depending upon events

in the next few years, a synfuels industry could emerge

in several countries. This projection includes a total of
some 20 to 30 plants, producing nearly 2 million b/d oil
equivalent by the end of the century.

«

The lead times for a coal-based synthetic fuels project

are estimated at 7-10 years. The plants to produce these
fuels are technologically complex and many will be situated
close to coal mines in remote areas, often requiring a long
time for construction. However, as experience is gained

and standardization of technology takes place, these lead
times could be reduced.



Table 4.3
Projected World Energy Supply
Percent of Total
Source 1980 1990
0il 54 45
Gas 18 18
Synthetic fuels 0 2
Coal 18 20
Nuclear 3 7
Hydro & Other 7 . 8
Total 100 100
[Ref. 100]

86

2000

37
16
4
24
10
9

100
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Chemical Feedstock Requirements

Despite the fact that the chemical industry's consumption

of feedstock amounts to only 3 percent of the world's total
demand for petroleum and natural gas, the uncertainties as-
sociated with petroleum and natural gas supplies and their
increasing costs have led most manufacturers to begin searches
for new raw materials. The interest in coal-derived chemicals
has been renewed. Alsco under study as potential replacements
for oil and natural gas are other fossil materials such as

oil shale, tar sands and peat as well as non-fossil materials
such as organic wastes, land and water vegetation, natural bio-
chemical methods, and the indirect conversion of solar energy
to organic chemicals via hydrogen and inoréanic carbon re-
sources,

In the next decade, petroleum and natural gas will continue
to serve as the largest sources of feedstocks for organic
chemicals manufacture. Only small contributions will be

made by other materials to the feedstock pool. But beyond
the late 1980's increasing use of other materials is expected
to occur. Coal is expected to make major contributions in
the 1990's, and then renewable non-fossil materials and oil
shale and possibly peat are projected to be used on a large
scale.

Technology advances in both fuel and feedstocks will be com-
ing at a fast rate, forced by increasing prices for conven-
tional feedstocks and fuels, Chemicals derived from coal may
be obtained either as byproducts of coal carbonization which
has been their principal source of supply and in which lies
the origin of much of the present petrochemicals industry, or
as primary products of coal liquefaction, and gasification.
All the necessary ingredients for coal-derived chemical pro-
ducts are there, but economically competitive technology and/
or petrochemical pricing is not expected to be sufficient to
attract large coal chemical production before the 1990's.
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Oil Prices

World oil prices are expected to increase during the next
20 years, in real terms after adjustment for inflation, by
50 percent from current levels. From 1975 to 1978, oil
prices were essentially flat in real terms, then they al-
most'doubled after the Iranian revolution in 1978. World

0il prices have increased by an average rate of 34 percent
annually between 1970 and 1980, (Table 4.4)

Table 4.4
World 0Qil Prices
Percent
3 Average Annual
Year U.S $/m U.S. $/b Increase over 1970
1973 12.58 2,00 13.0
1974 52.33 8.32 56.4
1977 76.04 12.09 36.2
1979 83.91 13.34 28.6
1980 163.53 26.00 34,0
[Ref. 1001}

The projected prices for crude oil, if materialized, could
have far-reaching consequences for worldwide energy supply
and demand. As a result, the growth in the world gross
national product,which has averaged 5 percent during 1965-
1973, could drop substantially in the next 20 years.

Canadian 0il Outlock

Accokding to industry sources,Canada has only a remote chance
of becoming independent of imported oil in the 1990's.
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Only with maximum production of conventional and heavy
oil from Western Canada, acceleration of current plans
for frontier_production, and completion of tar sands
plants would self-sufficiency be possible in the early
1990's. [Based on submissions to the National Energy
Board in the matter of Order EHR-1-80]

Table 4.5
Crude 0il Consumption in Canada
million m3
1979 1978 1977 1976 1975
Production 78.5 68.1 65.5 56,1 51.0
Imports . 30.2 35.8 38.8 42.0 47.9
Total l108.7 103.9 104.3 98.1 98.9

A more realistic outlook is that Canada will require
average imports of 31,800 - 47,700 m3/d (200,000 - -
300,000 b/d) throughout the 1990's because it is unlikely
that multi-billion dollar projects can be accelerated.
Even this level of import dependence would require ex-
pansion of existing syncrude tar sand plants by 1990.

This level of o0il self-sufficiency also requires construc-
tion of three upgrading plants for western Canadian heavy

0il production and about 47,700 m3/d (300,000 b/d) from
the frontiers.
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Table 4.6
Crude 0il Réserves in Canada
1/1/1980
million Cubic meters
: Natural Enhanced

Region Depletion Recovery Total
Mainland 12.0 13.0 25.0
British Cclumbia 37.9 40.0 77.9
Alberta 1,316.4 721.1 2,037.5
Sagkatchewan . 219.6 162.4 - 382.0
Manitoba 14.2 11.5 25.7
Ontario 8.8 1.3 10.1
Other 0.1 - 0.1

Total 1,609.0 949.3 2,558.3
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Table 4.7
Natural Gas Reserves In Canada
1/1/1980
billion cubic meters

Region 109 m3
Mainland 38.9
Mackenzie Delta/Beaufort Sea ] 240.0
Arctic Islands } 524,.8
British Columbia 570.4
Alberta 4,1156.1
saskatchewan 160.7
Manitoba 1.7
Ontario 29.0
Other Eastern Canada 1.3

Total 5,682.9
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Canadian Energy Policy

During recent months Canada's principal oil producing prov-
inces, Alberta, Saskatechewan and British Columbia have
signed separate agreements with the Canadian federal govern-
ment concerning the future pricing of crude oil and the dis-
tribution of tax and royalty revenues. These agreements are
generally consistent with the aims of the National Energy
Policy announced in October 1980.

Table 4.8

Estimated 1980 Canadian 0il Production

"Rank Province Percent
1 Alberta 86.0
2 Saskatchewan 10.0
3 British Celumbia 3.0
4 Manitoba 0.6
5 Northwest Territories 0.3
6 Ontario 0.1

100.0

The recent negotiation recarding an energv policy in Canada
involved the following issues:

- By the year 1984 Canadian domestic oil prices to
equal 85 percent of Chicago prices or the landed
cost of imported oil at Montreal, whichever is lower.

- 0il prices to increase by $4 per barrel in 1980 and
$4.50 per barrel annually during 1981-1983.

Industry 0.90 ’ 0.90
Province 1.90 2.15
Federal 1.20 1.45

4.00 4.50
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- Natural gas price to be based on 85 percent heating
value parity with oil.

Future crude ¢il prices for Canada were based on the National
Energy Program. Conventional o0il prices are expected to reach
$20.70 per barrel in 1985 and $30.20 per barrel in 1990, in
1980 constant dollars. This forecast is based on an annual
average increase of 6.1 percent.

Table 4.9

Projected Canadian Crude Qil Prices
1981 Dollars

Percent
Annual Increase
1981 1985 1990 1981-1990 -
0il Sands 38.00 38.00 38.00 -
Tertiary 0il 30.00 30.00 30.00 -
Conventional 0il 17.75 20.70 30.20 .

Estimated Blended 0Oil 22.40 27.30 33.75

Tar Sands

In Canada, tar sands represent a huge resource of heavy oils
and represent the principal means for replacing the declining
production of conventional 0il in the western provinces. Two
commercial plants are already on stream and others are planned.
The largest of the commercial plants is Syncrude Canada,
130,000 b/d unit near Mildred Lake, north of Fort McMurray in
Alberta., It is expected to turn out more than 100,000 b/d of
synthetic crude o0il for the 25 year ‘economic life of the plant.
The Alsand Project Group headed by Shell Canada Ltd. is plan-
ning a 140,000 b/d (synthetic crude and LPG) surface mining
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and bitumen upgrading facility, also north of Fort McMurray.
It will use essentially the same processing scheme as Syn-
crude. '

Synfuels in Canada

Liguid fuels are of particular importance to Canada because
it does not produce enocugh of them to meet its needs.

New imports of oil excluding LPG's are currently about
300,000 b/d. This deficit is of great concern to federal
and provincial governments in Canada because foreign oil
has become very expensive and the supply may not always be
secure.

Most of Canada's liqﬂid fuels are produced in the western
provinces. The heaviest requirements are in eastern Canada
so that long-range transportation becomes a major difficulty.
Canada, therefore, exports ocil to western United States and
imports oil from OPEC countries into the eastern provinces.

Coal ligquids produced by direct hydrogenation are highly
aromat'ic and could be refined through hydrotreating to
high octane gasoline, heating oil, and boiler fuel., The
production of a satisfactory diesel fuel would require
more hydrogen and considerable processing, and would be
more expensive.

In western Canada, coal liguids could be cheaper because of
the availability of natural gas. The use of natural gas to
supply the necessary hydrogen, rather than generate it in-
ternally in the process, would lower the cost. A recent re-
port by the Canadian government has concluded that coal lig-
uids are likely to remain more expensive than crude oil from
tar sands. [Ref. 94]

In British Columbia, the Energy Development Agency of the
provincial government is conducting separate feasibility
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- studies into the technology and economics of producing

transport fuels in a coal-to-liquids facility located
at Hat creek.

In the Maritime Provinces, the formation of a new con-
sortium of Canadian companies, the Scotia Coal Synfuels
Corporation, was announced in April 198l1. The Ccorpora-
tion proposes to construct and operate, on a site on
Cape Breton Island, a plant to produce liquid transpor-
tation fuels from bituminous coal. '

Among other major proposed synthetic fuels projects com-
plementary or competitive with a possiblé Hat Creek syn-
fuels project, Petro-Canada, British Columbia Resources
Investment Corporation, and Westcoast Transmission, have
formed a consortium to develop a U.S. $3 billion to $5
billion coal liquefaction plant in British Columbia. A
study group has been set up to dc the following:

- Select the most suitable coal deposit in British
Columbia for a liquefaction plant.

- Examine environmental and other impacts of the de-
velopment.

-~ Select the most suitable liquefaction process that
will be used in the plant.

The consortium has already applied to the Canadian govern-
ment for matching financing to research the project. The
consortium has also invited two Japanese companies to par-
ticipate.

There are also several proposals for manufacture of meth-
anol from natural gas feedstocks at west coast sites.

These projects could ultimately produce significant guanti-

ties of liquid fuels or chemical intermediates, both for
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home and export use, and have a major impact on liquid
fuel supplies in British Columbia.

Upgraded Solid Products

Solvent-refined coal (SRC) can be used as boiler fuel,
hydrogenated to liquid fuels, or converted to low-ash
coke for electrodes. There is good evidence that an
acceptable product can be obtained; the solvent—refininé
technology is being developed in the United States, the
United Kingdom, and elsewhere; the delayed coking and coke
calcination technologies are already developed. Solvent
refining without hydrogenation, followed by coking of the
dissolved coal, under development by the British National
Coal Board, may prove to be more economical than solvent
refining with hydrogenation because the hydrogen and the
high extraction pressure required for hydrogenation add
considerably to process costs. However, this process is
still a long way from the necessary commercial demonstra-
tion required for consideration in this study.

Electrode Carbons and Petroleum Cokes

A review of possible alternatives tc petroleum coke for
the manufacture of carbon electrodes for aluminum produc-
tion led to the conclusion that production of electrode
coke from solvent refined coke in the long run. [Ref. 89]

Coke is produced in Japan, West Germany, Poland,and the
Soviet Union by the coking of cocal-tar pitch. Production
capacities in Japan and West Germany are about 400,000 and
200,000 tonnes per year respectively. This coke is pre-
ferred to petroleum coke for aluminum production, especial-
ly for Soderberg anodes, largely because of its low sulfur
and vanadium content. It commands an appreciably higher
price. No pitch coke is produced in North America because
it is not economical.
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(i) U.s. Market

Present U.S. petroleum coke production is about
40,000 t/d most of which is delayed coke. Only
3,650 t/d of fluid coke is produced. Approxi-
mately 56 percent of the total coke produced in
the U.S. is fuel grade, and 44 percent is cal-
cined for higher value use.

Table 4,10 Distribution of
U.S. Petroleum Coke Market_

Percent Percent
Calcined Fuel
Domestic 19 12
Export 18 44
Electrode 2 -
Other 5 -
Total 44 56

An eventual major shortage of petroleum coke could not be
met by increased production of pitch coke because of an
insufficient supply of coal tar. 1In the United States in
1980, an estimated 220 million gallons of tar was burned

as fuel., Even if all this tar was diverted to coke produc-
tion, which is unlikely for economic reasons, it would pro-
duce 300,000 tonnes per year of pitch coke. This is only

S percent of the current consumption of calcined coke by

the world aluminum industry outside communist areas which is
6 million tonnes in 1980. [Ref. 101]

(ii) Canadian Market

Alcan Trading Limited of Montreal is presently
searching for a long-term source of 300,000
tonnes per year dgreen petroleum coke for the
Pacific area. The company requires a coke

P
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with 3 percent sulfur maximum and metals gen-
erally under 0.03 percent each. There are

also sizing and strength characteristics which
must be met. The market price for calcined
petroleum coke is about $220/tonne.

Great Canadian 0il Sands Ltd. in Alberta produces 2,800
tonnes of delayed coke per stream day of which 2,300 tonnes
are burned as fuel and 500 tonnes are stockpiled. Syncrude
Canada Ltd., also in Alberta, produces 2,000 tonnes per day
of fluid coke which is being stockpiled until an economic
use is developed. Both these cokes, however, are unsuitable
for electrodes. 1In addition to high sulfur, vanadium, and
nickel content, they are high in silicon and other elements
because of residual colloidal clay not removed during-the
hot water separation process.

Alcan has carried out a bench-scale investigation of the
purification of this coke. Leaching with a mixture of hy-

drochloric and hydrofluoric acids removes gsignificant amounts .

of the metallic impurities from fine particles,but is rather
ineffective on the coarse coke also required for anode manu-
facture. Treatment with chlorine at 1,400°C removes signifi-
cant proportions of the metallic impurities, but the silicon
and vanadium contents still exceed the maximum values speci-
fied for anode coke. They are,therefore,not regarded as
potential future sources of high grade electrode carbons.

The posssible production of solvent-refined coal at Hat Creek
together with subsequent conversion to electrode carbons as

a second process step is therefore a feasible potential utili-

zation. However, only the primary conversion, to solvent-
refined coal, is considered further in this study.
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4.4 Gaseocus Products

4.4.1 Liguefied Petroleum Gas
(i) Propane

Canada produces 20670 m3/d {130,000 b/d) propane of
which only about one-half is required for domestic
consumption, The current thinking is to divert excess
propane supply into new domestic markets. These mar-
kets include:

- Heating oil: as much as 4770 m3/d (30,000 b/4),
23 percent of current propane supply, could displace
heating oil in central and eastern Canada by 1985.

-~ Vehicle fuels: it is estimated that by 1990 ve-
hicle fleets could consume more than 3980 m3/d
(25,000 b/d) propane. Propane is an excellent ve-
hicle fuel with 10 percent higher combustion ef-
'ficiency than gasoline. It also lowers service
costs and prolongs engine life by between two-to-
three times compared with gasoline engines.

- Petrochemicals: propane could be an acceptable
feedstock for ethylene and propylene production.
A propane-based ethylene and propylene plant could
consume 6360 m3/d (40,000 b/4d).

The most important factor limiting the widespread use of
propane in Canada is price. Propane price in eastern
Canada is higher than the domestic price of oil products
it mighé replace. This, however, is not always true in
western Canada because of the higher transportation cost
to the east. The new discoveries of- natural gas in the
west and its competitive price advantage over propane has
contributed to the increase in propane surplus. Propane
is currently in surplus in Canada and exported to the
United States and Japan.

W




Table 4.11

Propane (Ligquid) Supply/Demand Forecast

103 mi/a
Canada Supply Demand Balance
1980 20.8 7.1 13.7
1590 22.5 11.3 11.2
2000 ) 20.4 12.9 7.5
British Columbia
1980 ' . 0.2 0.6 (0.4)
1990 0.3 1.0 (0.7)
2000 0.3 1.2 (0.9)

[Ref. 77, 91)

Whil= Canada is expected to have propane surpius over the
next two decades, British Columbia is expected to have a

deficit. The 1980 estimated deficit of 400 cubic meters

per day is expected to reach 700 cubic meters per day in

1990 and 900 cubic meters per day in the year 2000.

The Ministry of Energy, Mines and Petroleum Resources has
estimated that annual growth rate ' in LPG requirements will
average 0.5 percent annually over the next fifteen vears.

Table 4.12

B.C. LPG Requirements

Petajoules

Average Annual
1978 1981 1986 1991 1996 Growth Percent

8.94 9.16 9.41 9,31 9.80 0.5
[Ref. 771}
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(ii) Butane

Canada consumes only a small amount of its butane

supply. The federal government estimates that in

1980 Canadian demand for butane was 1,500 cubic

meters per day,or less than 12 percent of total

supply of 12,700 cubic meters per day, with a

surplus of 11,200 cubic meters per day.

Table 4.13

Butane (Liquid) Supply/Demand Projection

103 m3/a
Canada Sugglz Demand Balance
1980 12.7 1.5 11.2
1990 14.0 1.9 12.1
2000 ' 12.7 2.1 10.6
British Columbia
1980 0.3 0.13 0.17
1990 0.4 0.14 0.26
2000 0.4 0.14 0.26

[Ref. 77, 91]

British Columbia butane requirements are far less than sup-
ply. The 1980 surplus of 170 cubic meters per day is ex-

pected to reach 260 cubic meters per day in 1990.

Supply

is expected to reach 400 cubic meters per day in 1990, a

one-third increase over the estimated figure of 300. cubic

meters per day in 1980,

g
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Ethylene

Ethylene is the world's most important petrochemical feed-
stock in both volume produced and consumed. Future growth
of the petrochemical industry will devend largely on having
enough ethylene to meet the growth of its plastics, fiber,-
paint, and solvent derivatives. North American, Western
Europe and Japan accounted for 81 percent of the world's
ethylene plant capacity in 1980.

Table 4.14
World Ethylene Capacity*
million tonnes/year
Percent
. 1980-1990
Country/Area 1980 1990 Annual Increase
Canada - 1.5 3.5 8.8
United States 16.8 30.2 6.0
Latin America 2,6 4.8 6.5
Western Europe 17.0 33.7 7.1
Japan 6.0 12,1 7.2
Pacific 1.4 3.7 10.2
Eastern Europe 5.0 12.4 9.4
Other 0.7 2.4 13.2
Total 51.0 100.4 7.0

Current world ethylene capacity is more than adequate to
meet projected demand for the next few years. The United
States ethylene capacity was pushed near its operating
limit during 1979 and the early part of 1980 mainly be-
cause of the strong export market for ethylene derivatives.

*
Stone & Webster Estimates
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However, the new capacity addition which came on-stream
during the second half of 1980 counled with the economic
recession have resulted in lowering operating capacity

at the end of 1980. As a result, the United States ethyl-
ene capacity should be adequate to meet future demand
probably through 1985, without any new nrojects.

Worldwide capacity gained about four million tonnes dur-
ing 1980. Almost half of the additional capacity was in
the United States. This increase in Worldwide capacity

is outstripping increases in demand. No new major ethyl-

" ene projects are planned for Western Europe in the immedi-

ate future. Industry sources indicate that Western Europe
could achieve a comfortable supply/demand situation by
1950 if those plants already announced are built.

In Japan, many of the projects have been scheduled for a
number of years but delayed by the sharp rise in energy
and feedstock prices and slow economic conditions.

The Middle East/Africa and Asia/Pacific area total of
ethylene projects jumped from a combined 13 to 77 during
1980. The major portion of these are located in Japan
{five), China (four), and Saudi Arabia (four).

Over one-third of the world's ethylene production goes in=-
to polyethylene, a major factor in the growth demand for
ethvlene in recent years. About 25 percent is used for
ethylene oxide and its derivatives, of which the most im-
portant is ethylene glycol used in antifreeze, polyester
fiber, and film. About 10 percent of the ethylene produc-
tion goes into ethanol, while ethylene dichloride, an in-
termediate for vinyl chloride, and ethylbenzene, an inter-
mediate for styrene monomer, take about 9 percent each.
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Table 4.15

*
Worldwide Ethylene Uses

Major Uses Percent of Total
Polyethylene 34
Ethylene Oxide 25
Ethanol ’ 10
Ethylene Dichloride 9
Ethylbenzene 9
Other 13

100

Future ethylene capacity will depend on several factors
chiefly among them are: '

- Future availability of petroleum feedstocks
~ Alternative sources for hydrocarbions

- Technology

- Economics.

- International Developments.

(i) Feedstocks

In North America, traditional feedstocks for ethyl-
ene production consisted of ethane and propane.

The trend in recent years has been toward increasing
use of naphthas and middle distillates. Prospects
are that heavy fuel oil may become increasingly
available at attractive prices in the future. Pre-
treatment of this material would significantly en-
hance its value as a petrochemical feedstock.

*
Stpne & Webster Estimates
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Table 4.16

Ethylene Feedstock Sources*

Percent
1980 - 1985
Gas Gas Gas Gas

Naphtha 0il Liquids Naphtha 0il Liquids

United States 33" 34 33 33 413 24
Western Europeé 88 9 3 86 11 3
Japan 100 - - 98 - 2
Other 98 - 2 95 - 5
World Average 77 13 10 77 14 9
{ii) Alternative Sources for Hydrocarbons

Although there is a consensus that petrochemical
producers will be able to successfully bid feed-
stocks away from the fuel market, the ability to
use a variety of different materials to produce
ethylene will become increasingly important.

Coal utilization as a source of hydrocarbon feed-
stock for ethylene plants seems a logical extension
of the trend by the industry to use cheaper feed-
stocks. Technology already exists for converting
coal into other clean forms of energy. Sasol's
plant in South Africa is tied in with its coal-
based fuels industry, now in the active stages of
construction. Sasol II is completed and signifi-
cant progress has been made on Sasol III. A pro-
mising route to making ethylene from coal is

found in Mobil's methanol-to-gasoline process that
uses a zeolite catalyst. -By stopping the reaction

*
Stone & Webster Estimates
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at the proper state, the zeolite can also be
used to produce light olefins and aromatics.

Technology Development

Industry sources predict that unit plant size
will continue to increase slowly. In the near
future, the first olefins plant with a capaci-
ty of more than 700,000 tonnes per year will
eventually be realized. These will be cautiously
larger versions of existing plants without any
major inovations.

Regarding the impact of inflation on the petro-
chemical industry, plant investments per unit of
output have more than doubled over the last ten
years. Not only has this resulted in substan-
tially higher manufacturing costs despite larger,
more efficient plants, but the capital needs of
the industry are growing enourmously.

A major factor contributing to increased plant
costs in industrialized countries is environ-
mental control. Based on recent estimates for a
500,000 tonnes per year ethylene plant, approxi-
mately 12 percent of the inside battery limits
plant cost was associated with environmental con-
trol systems.

‘R SR B
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Table 4.17

*
Environmental Protection Costs

Percent
of Total Plant Cost

Air Pollution 3
Water Pollution . 7
Safety 2

Total 12

{(iv) Economics

Economic considerations are forcing ethylene pro-
ducers to continue to keep older plants in opera-
tion because the higher costs of new plants more than
offset the savings attributable to technology and
size benefits. Thus, to some extent, inflation

will slow down rapid progress towards greater en-
ergy efficiency by maintaining the competitiveness

of older, less efficient plants.

(v) International Developments

As already noted the world's ethylene capacity

is concentrated in the industrialized countries of
North America, Western Europe and Japan. Develop-
ing countries have recognized the potential contri-
bution that a petrochemical industry could make to
their industrial development programs. Ambitious
plans have been developed and to a considerable

*
Stone & Webster Estimates
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extent, are presently being implemented. Mexico

and Brazil have more than one million metric tons
per year of ethylene production capacity currently
in operation or under construction. In the Far
East, Korea and Taiwan have already developed a
significant petrochemical industry. 0il produc-

ing countries, based on an abundant supply of nat-
ural-gas liquids, are expected to build large petro-
chemical complexes.

Development of petrochemical industries in devel-
oping countries generally faces numerous obstacles
even where raw materials are plentifully available.
One of the major problems is the lack of adeguate
infrastructure to support such developments. Con-
struction and operating personnel must be trained,
technology and equipment has to be imported from
industrialized countries, and markets far the pro-
ducts must be developed.

Initial cost, even for facilities of modest capac-
ity and complexity usually run over U.S. $1 billion.
Financing of such investments is obviously not an
easy task.

In many instances, developing countries have sought
partnership with established foreign companies to
develop a domestic petrochemical industry. Based on
actual implementation of projects, this approach has
generally been proven to be more successful than at-
tempts by developing countries to establish a petro-
chemical industry independently. A foreign partner
can usually provide technical, managerial and market-
ing expertise to the project, and his participation
can be instrumental in obtaining financing. Joint




(vi)

ventures between developing countries and multi-

national companies in the development and opera-

tion of petrochemical complexes such as those in

Brazil and Korea, have demonstrated that this ar-
rangement can be successful.

Canadian Ethylene Market

The Canadian petrochemical industry dates from the
discovery of substantial oil resources in Western
Canada in the early 1950's. By 1960,‘the Canadian
oil-refining industry was the third largest in the
world (after the United States and the Soviet Union)
in terms of crude oil capacity. However, the de-
velopment of basic petrochemical industry lagged be-
hind the development of the Canadian market for
these raw materials. During the 1960's, it was eas-
ier for products to move from the United States in-
to Canada because Canadian tariffs were relatively
low and the Canadian market was too small to sup-
port large chemical facilities.

In the 1970's Canadian ambitions for petrochemical
growth were boosted by rising oil and gas prices.
Based on substantial oil and natural gas reserves
in Alberta, several world-scale chemical complexes

were built.

Canada now has two world-scale ethylene plants,
Petrosar's Sarnia plant, which produces 455,000
tonnes of ethylene as well as other petrochemical
feedstocks annually from naphtha imput, and the
Alberta Gas Ethylene (AGE) plant in Alberta, which
uses natural gas for ethylene production.
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Table 4.18
Canadian Ethylene Producers
thousand tonnes
Producer Location 1980 1990
Esso Sarnia 225 225
Gulf Canada Quebec 225 225
Petrosar Sarnia 455 455
Union Carbide Montreal 75 75
AGE Joffre 544 1,305
AGE Alberta - 600
Dome Petroleum B.C. - 275
Petromecne Montreal - 300
Total ' 1,524 3,460
[Ref. 91}

In 1980, Western Canada accounted for about 36 percent of

Canada's ethylene capacity. Western Canada's share of the
country's total ethylene capacity is expected to reach 59

percent in 1985 and 63 percent in 1990

Gavn
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Table 4.19
Canadian Ethylene Capacity
thousand tonnes per year
Percent
Annmaal Increase

1980 1985 1990 1980-1990
Western Canada 554 1,380 2,180 14.7
Rest of the Country 1,005 965* 1,280 2.5
Total 1,559 2,345 3,460 8.3

[Ref. 91]

Western Canadian production of pretrochemical products is
mainly targeted for export markets. Regional market con-
siderations, as a factor in selecting Western Canada for
large ethylene plants, have been of minor importance. The
critical factor in justifying the very rapid expansion of
ethylene capacity has been the advantageous price of hydro-
carbon feedstock, mainly natural gas. The availability of
such a source provides petrochemical producers with a lower
production cost and therefore, a competitive edge in the
international market. Petrochemical production from petro-
leum is a less desirable alternative in Western Canada.
This is mainly because of the marginal price advantage over
competing areas of production and the lack of a marketable
surplus of ligquid feedstock. As a result, petroleum prod-
ucts are unlikely to be used as hydrocarbon feedstock for
ethylene plants in Western Canada, but rather, they will be
used for benzene and toluene production,

* .,j .
Note: Closing of Canadian Industries reduces
capacity of 40,000 tonnes per year.
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There are strong indications that the bulk of future
Western Canadian ethane-based ethylene production will
be upgraded in the producing provinces. These prov-
inces will take advantage of employment opportunities
and other economic benefits as a result of the ex-
pected expansion in industries based on ethylene produc-
tion. The realization of these economic benefits, how-
ever, wil;'depend, to a great extent, on the future de-
velopment of a strong regional market.

Table 4.20
Ethyvlene Uses in Canada
End-Use Percent of Total
Low-density Polyethylene 25
Ethylene Oxide ‘ 20
High-density Polyethylen 18
Ethylene Dichloride 14
Ethylbenzene 9
Ethyl Alcohol 3
Other ; 11
100

[Ref. 91]

In the Fall of 1980, a consortium of Canadian Occidental
Petroleum, Dome Petroleum of Calgary, Westcoast Trans-
mission of Vancouver, and Mitsubishi of Japan, announced
a $2 billion development that will include an upstream
plant to strip and liquify ethane and propane from natu-
ral gas out of British Columbia's Fort St. John field.
This third ethylene plant will have about 60 percent of

a "world-scale" 450,000 tonnes per year.
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The viability of petrochemical production from Hat Creek
coal is‘likely to be independent of activity in the ethane
and gas-based western petrochemical industry. Ethylene
from Hat Creek coal would probably not gain significant
end use markets within the region, but might find foreign
market obportunities. Many factors such as feedstock
prices, transportation costs, and market conditions must
be carefully investigated before a decision to produce
ethylene from Hat Creek coal is made.

Upgraded Liquid Products

Gasoline

Canadian demand for motor gasoline in 1980 has been esti-
mated at 107,000 cubic meters per day. Over the next two
decades Canadian demand for motor gasoline is expected to
decrease by an annual average of between 0.5 and 1 percent.
This will come as a result of a shift from gasoline to
diesel and other fuels, more efficient and smaller cars,
change in driving habits, and decrease in distances trav-
eled.

Table 4.21

Demand Projection for Motor Gasoline

103 m3/a
1980 1990 2000
Canada 107.7 101.1 98.4
British Columbia 11.9 13.6 13.2

[Ref. 77, 91]
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Demand for motor gasoline in British Columbia in 1980 has
been estimated at 11,900 cubic meters per day. Over the
next two decades this demand figure is expected to reach
13,600 cubic meters per day in 1990 and then decrease to
13,200 cubic meters per day in the year 2000.

Table 4,22

British Columbia Projected Gasoline Demand

Petajoules

Average Annual

1978 . 19886 1996 Growth Percent
140.99 170.51 189,28 1.6
[Ref. 771

Unleaded gasoline is required to prevent poisoning of the
catalyst in the exhaust gas converter required to meet
pollution emission standards for vehicles. Lead, however,
is an inexpensive and energy-efficient octane booster for
gasoline. The use of leaded gasoline in Canada, instead
of unleaded gasoline, could save as much as 25,000 b/d of
.crude oil. To implement such a change, new car engines
using leaded gasoline and meeting emission standards must
be developed. [Ref., 94]

Gasoline is obviously among the attractive alternatives for

Hat Creek coal utilization. Coal-derived gasoline could
be used in British Columbia or exported to the United
States, Japan or Latin America.

b BT
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Table 4,23
. *
Latin American Gasoline Prices
Countr : cdn$/liter
Urugquay C 1.25
Brazil 1.05
Nicaragua 0.86
Chile 0.77
Argentina 0.75
Bolivia 0.64
Colombia 0.49
Ecuador 0.23
Mexico 0.20
Peru 0.19
Venezuela 0.15
[Ref. 99]

*
January 1981
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Jet Fuels

Increased cost and reduced availability of jet fuels along
with the potential future depletion of worldwide petroleum

resources has created an interest in the feasibility of ob-

taining jet fuel from non-petroleum resources. Crude oils
from coal, oil shale and tar sands, alone or in mixtures
with petmleum crudes are likely possibilities. Because of
basic chemical difference in these crudes, and processing
economics, future fuels may have properties which are dif-
ferent from those of current fuels. The end objective is
to optimize the factors of availability, cost, aircraft
performance, and safety.

New concepts derived from research and development require

from 7 to 10 years before actual production occurs. Even
longer time periods (up to 20 years) are required if re-~
search is necessary to accomplish goals.

Three jet fuel types are currently in wide use thoughout
the free worild.

l. JP-4 is the fuel used by the air forces of NATO,
including the United States

2, Jet B a fuel nearly identical to JP-4, is used by
Canadian commercial airlines.

3. Jet A is the kerosene-based fuel used by most of
the worlds commercial airlines, including
those of the United States.

JP-4 and Jet B fuels can be grossly represented as a blend
of kerosene and gasoline. The high volatility of JP-4 re-
sults in a vapor pressure of about 0.17 bar (2.5 psia) at

310 K (100°F), and a flash point of approximately =-25°C.

Jet A type has a much lower volatility than JP-4 resulting
in a flash point of about 52°C.
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Because of the reduced probability of post crash fires
and the reduction of combat vulnerabilify, NATO is con=-
sidering conversion to JP-8, a jet fuel identical to

Jet A-1l, a commercial fuel similar to Jét.A in all re-
spects except freeze point (-50°C versus -40°C for Jet A).
As a result of the unique problems associated with ship-
board jet fuel use, the U.S. Navy is now using a third
fuel type, JP-5, which has an even higheriflash point
{(more than 63°C). [Ref. 95]

(i}

(ii)

Neon=0il Sources

The Boeing company has investigated a number of
alternative airplane fuels, considering their pro-
duction processes, costs, and impacts on the de-
sign and operation of airplanes and airports. A
number of novel fuels have been suggested as al-
ternatives to conventional jet fuel: ammonia,
alcohol, heavy fuel oil, and even powdered coal.
Unfortunately, emission restrictions, low energy

content, or incompatibility with airplane require-

ments eliminate these from consideration. The
three most promising candidates for the foreseeable
future are liguid hydrogen, liquid methane, and
synthetic jet fuels produced from oil shale and
coal. [Ref. 95] !

Fuel from Tar Sands

A middle distillate cut (kerosene), taken from syn-
thetic crude oil produced by Great Canadian 0il
Sands Co., was found to make JP-5 that was indis-
tinguishable from a high quality petroleum deri-
ved JP-5. It successfully passed all specification
requirements and hardware tests. [Ref. 95]
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Fuel from 0il Shale

The only jet fuels derived from oil shale that have
been available for extensive hardware testing were

a part of a group of experimental products refined
from 10,000 barrels of Paraho shale o0il. The jet
fuels were intented to approach, as closely as pos-
sible specification grade JP-4 and JP-5. The JP-4 met
specification after a minor amount of post refining’
treatment; the JP-5 fell short in several character-
istics. The fuel had high gum and contamination
values, a high freezing point and poor thermal sta-
bility. The freezing point, while important, is

not a factor in engine performance. The other char-
acteristics, all related to chemical instability,
caused problems during a full scale engine test in
the form of blocked filters and deposits in engine
fuel injectors. Recent investigations in the area
of shale o0il refining have indicated that it may be
possible to minimize these problems without excessi-
vely intensive refining.

Fuel from Coal

A JP-5 type fuel from crude cocal liquids has been
tested on a gas turbine engine and a research com-
bustor. Although this fuel received rather inten-
sive hydrogen treatment in both the liguefaction and
refining stages, it still failed to meet the specifi-
cation requirements in several respects. The thermal
stability was poor, heat of combustion marginal, den-
sity too high and smoke point too low. However, none
of these factors were reported to have any noticeable
effect on the performance of the engine! Although
density is a factor in the operation of the fuel con-
trol, it did not deviate enough to cause a problem.
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Smoke point and thermal stability can have long range
effects on durability which were not apparent in this
short test (4 hours).

Boeing studied three methods of manufacturing synthet-
ic jet fuel. Two of the processes produce a synthet-
ie crude o0il, one by direct hydrogenation of coal, the
other from shale. In these processes synthetic crude
is refined into jet fuel, plus an array of other pro-
ducts, and requires little modification to a conven-
tinal refinery. The third method is one in which coal
is converted to Syngas from which the derived fuels
are catalytically synthesized by process analogous to
Fischer-Tropsch.

Of the fuels examined in the Boeing study, synthetic
fuels made from coal and oil shale are the only prac-
tical alternatives in terms of availability, cost,
and efficient use of energy resources. They can be
integrated into existing prdduction and distribution
systems and are compatible with contemporary airplane
engines. Synthetic fuels require the smallest outlay
for capital eguipment and the already high efficiency
of their manufacturing processes would be further im-
proved with advancements in technology - particularly
by in-situ techniques. A synthetic fuel industry
could be expanded in stages to gradually support a,
greater portion of energy demand.

Based on the Boeing assessment of alternative fuel
production processes, costs, airplane performance,
and airplane and airport design, synthetic jet fuels
clearly show the greatest potential as alternatives
to alleviate problems of supply shortages and the
ever increasing cost of petroleum.
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(v) Canadian Market

Demand projection for aviation gasoline and turbo
fuel shows a substantial growth rate for both
Canada and British Columbia. Canadian per day de-
mand was estimated at 13,100 cubic meters in 1980,
This figure is expected to reach 16,900 cubic me-
ters per day in 1990 and 22,200 cubic meters per
day in the year 2000. Demand for aviation gaso-
line and turbo fuel in British Columbia was esti-
mated at 2,000 cubic meters per day in 1980, Over
the next ten years demand is expected to increase
by 50 percent over the 1980 level to reach 3,000
cubic meters per day by 1990, Between 1990 and
2000 demand is projected to reach 4,200 cubic me-
ters per day, a 40 percent increase over 1950.

Table 4.24

Aviation Gasoline and Turbo Fuel Demand Projection

Average Annual

103 m3/d Growth Rate

1980 1990 2000 1980-1990 1990-2000

Canada 13.1 16.9 22.2 2-6 2-8
British Columbia 2.0 3.0 4.2 4.2 3.5

[Ref. 77, 91]

Indirect coal liquefaction, using Fischer-Tropsch, of
Hat Creek coal based on 7950 m>/d (50,000 b/d) could
yield about 850 cubic meters per day of jet fuel or
about 28 percent of B.C. projected demand in 1990.
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The same capacity M-Gasoline plant would produce 7,650
cubic meters per day of motor gasoline which is 45 per-
cent of the 1990 projected demand in Canada. The plant
production in this case would have to be tied to export
markets.

Diesel Fuel

Demand forecast of fuel requirements in Canada shows a
strong growth in diesel fuel relative to gasoline. Die-
sel engines have some advantages over gasoline engines
because . of better fuel economy, particularly in cold
weather. Particulate emissions from diesel engines,
however, could become a health hazard. Indications are
that it will be difficult to produce enough acceptable
diesel fuel to meet the demand in Canada unless addi-
tional middle distillates are freed from present heating
uses and diesel guality requirements are relaxed consid-
erably. As more of Canada's crude o0il becomes synthetic,
from tar sands and coal, the middle distillates from
these crudes do not readily yield a diesel that would
meet current fuel standards.

Table 4,25

Diesel Fuel Projected Demand

Percent
3 Average Annual
10" m~ /4 Growth Rate

1980 1990 2000 1980-1990 1990-2000

3

Canada 39.3 56.5 79.1 3.7 3.4
British Columbia 6.7 9.8 13.1 4.0 2.9
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Canadian demand for diesel fuels in 1980 has been estimated at
39,300 cubic meters per day. This demand figure is estimated
to reach 56,500 cubic meters per day in 1990 and 79,100 cubic
meters per day in the year 2000, or an annual average growth
rate of 3.7 percent during the 1980 - 1990 period, and 3.4
percent during the 1990 - 2000 period.

British Columbia's demand for diesel fuel in 1980 has been es-
timated at 6,700 cubic meters.per day or about 17 percent of
total Canadian demand.

Over the next ten years the annual average growth in demand
for diesel fuel in British Columbia is projected at 4 percent
with a total demand projection of 9,800 cubic meters per day
in 1990. By the year 2000,demand for diesel fuel in British
Columbia is projected to reach 13,100 cubic meters per day, an
average annual growth of 2.9 percent over the 1990 projected
demand.

Table 4.26

*
Canadian Imports of Diesel Fuel

Year 103 m3
1977 53.28
1978 ‘ 25,65
1979 48 .86

*
Statistics Canada
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Fuel 0Oils
Demand for light, medium, and heavy fuel oils is expected
to diminish over the next twenty years in both Canada and
British Columbia. Canadian demand for light fuel o0il in
1980 has been estimated at 44,000 cubic meters per day.
By the year 2000 this figure is estimated to drop by 50
percent to about 22,300 cubic meters per day. Heavy fuel
oil demand will drop from the 1980 estimated figure of
41,900 cubic meters per day to a projected figure of
28,300 cubic meters per day by the year 2000. A similar
demand trend is expected for British Columbia.
Table 4.27
Fuel 0il Demand Projection
3 3 Percent
10" m /4 Average Annual Change

Canada ‘ 1980 1990 2000 1980/1990 1990/2000

Light Fuel 0Oil 44,0 29.6 22,3 -4.1 -2.9

Heavy Fuel 0il 41.9 29.5 28.3 -3.6 " =-0.04
British Columbia

Light Fuel 0il 2.8 2.3 1.9 -2.0 ~2.0

Heavy Fuel 0il 3.4 2.8 2,6 ~2.0 -1.0

[Ref. 77, 911

Published trade statistics show that of all crude oil
and refined petroleum products in Canada, fuel oil sup-
ply exceeded demand and the surplus was exported.
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Table 4.28
Canadian Export of Fuel Oil*
thousand m>
1977 - 1978 1979
Medium Fuel 0il 124.9 .322.5 374.8
Heavy Fuel 0il 5.2 909.6 623.6

Direct coal liquefaction processes designed to produce
mainly heavy fuel o0ils would not, therefore, be a via-
ble alternative for Hat Creek coal utilization.

Methanol

At recent growth rates world demand for methanol may
reach 20 million tonnes by 1985. The installed capaci-
ty needed to produce this gquantity will be about 24 mil-
lion tonnes compared with 1980 capacity of about 16 mil-
lion tonnes. Thus, on average, two 2,000 t/d plants must
be added each year to keep up with the demand. However,
much greater quantities could be required if new markets,
such as single cell protein and gasoline extenders in-
crease. New uses for methanol are likely to need 20 mil-
lion tonnes per year by 1985 with a sharp increase in
demand between 1985 and 2000. This will require on the
average, another five 2,000 t/d units to be built each
year to keep up with the demand.

The 1980 world supply of methanol was about 13 million
tonnes. It is estimated that 1990 supply of methanol
will reach 23.8 million tonnes. Demand for methanol is
estimated to reach 25.5 million tonnes by 1990 and there-

~ _fore, will exceed the projected supply by 1.7 million
"tonnes. The United States, Western Eurcope and Japan are

*Statistics Canada
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expected to have capacity shortage. Canada is expected
to have over 1.6 million tonnes of surplus methanol in
1990. The'largest deficit in 1990 is expected in the
United States, with demand outstripping supply by two
million tonnes. .

The two emerging end-uses that will be especially im=-
portant in stimulating demand are:

1. 1Increasing production of gasoline octane, boost-
ing methyl tertiary butyl ether (MTBE).

2. More methanol-based acetic acid plants.

:According to industry sources, established end-uses for
methanol, such as formaldehyde, are expected to absorb
about 50 percent of the methanol in this category of es-
tablished markets. Methanol demand could grow much
faster than predicted if it is used as a direct gasoline
ingredient or fuel for power plants late in the 1990's.

In a recent report published by the U.S. Engineering
Societies Commission on Energy, solar biomass derived
fuels are indicated to be at least 80 percent more costly
than projected prices for coal-based methanol. Published
reports estimate ethanol fuels cost at $27.50/GJ{in 1980
Cdn.dollars), methanol from coal at $15.56.

Methancl can be used as a fuel extender in automobiles, as
a chemical feedstock, gasoline additive to improve the oc-
tane value, kerosene or diesel oil extender and a utility
fuel to meet peak power needs,

At present, methanol, which is virtually all made from
natural gas, costs about U.S. $180 per tonne in bulk
(Vancouver, B.C.).



Table 4.29

1990 World Methanol Outlook*

" thousand tonnes per year

Demand Supply
Total Percent Total Percent Surplus/ (Deficit)

Canada 480 1.9 2,100 8.8 1,620
United States 8,000 31.4 6,000 25.2 (2,000)
Latin America 1,000 3.9 1,400 5.9 400 &
Western Europe 6,000 23.5 5,500 23.1 (500)
Japan 2,800 11.0 1,800 7.6 (1,000)
Eastern Europe 4,500 17.6 4,000 16.8 (500)
Australia/Zealand 120 0.5 400 1.7 280
Africa/Middle East 500 2.0 1,500 6.3 1,000
Other 2,100 8.2 1,100 4.6 (1,000)

Total 25,500 100.0 23,800 100.0 (1,700)

*
Stone & Webster Estimates
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Table 4.30
World Methanol Demand
thousand tonnes
1979-1990
* * Average Growth
Country/Area 1979 1985 1990 Percent
Canada 240 320 480 6.5
United States 3,370 5,200 8,000 8.2
Latin America 290 600 1,000 11.9 -
Western Europe 3,250 4,500 6,000 5.8 3
Japan 1,100 2,000 2,800 8.9
Eastern Europe 2,320 3,630 - 4,500 6.2
Mid East/Africa 45 200 500 24.5
Other 530 1,250 2,220 16.6
Total 11,145 17,700 25,500 7.8

*
Stone & Webster Estimates
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Table 4.31
1980 World Methanol Capacity
thousand tonnes
Area/Country Capacity
North & Latin America
United States 4,080
Canada 430
Latin America 346
Sub-total 4,856
Western Europe
West Germany 1,444
United Kingdom 692
Netherlands 660
Italy 450
France 425
Spain 250
Austria 1490
Norway 50
Finland 35
Sub~total 4,146
Eagtern Europe .
Soviet Union 1,500
Rumania 300
East Germany 250
Poland 250
Yugoslavia 180
Czechoslovakia 100
Bulgaria 30
Sub-total 2,610
Asia.
Japan 1,254
Korea 395
China 139
Taiwan 125
India 90
Philippines 28
Pakistan 3
Sub-total 2,034
Middle East & Africa
Libya 330
Algeria 100
Israel 50
South Africa 16
Egypt 10
Sub~-total 506
WORLD TOTAL 14,152

‘Percent
of Total
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Canadian Market

Canada's methanol capacity was 430,000 tonnes in 1980.
Future estimates range between as high as 2 million

tonnes in 1985 and 3 million tonnes in 1990. Lower esti-
mates put the 1985 capacity at 1.25 million tonnes and

1990 at 2.1 million tonnes. The higher forecast is based
on an average growth rate of 21.5 percent annually between
1980 and 1990, and the lower forecast is based on 17.2 per-
cent.

Table 4.32

Canadian Methanol Supply/Demand*

‘ thousand tonnes per vear

Higher Forecast
Average Growth Rate

1980 1985 1930 1980-1990
Capacity 4390 2,000 3,000 21.5 percent
Demand 212 320 480 8.4 percent
Surplus 218 1,680 2,520

Lower Forecast

Average Growth Rate

19890 1985 1990 1980-1990
Capacity 430 1,250 2,100 17.2 percent
Demand 212 320 480 8.4 percent
Surplus 218 930 1,620
[Ref. 1, 15]

*
Stone & Webster Estimates



Table 4.33

Forecast Canadian Methanol Capacity

thousand tonnes per year

1975 1980 1985 1990
Firm
Celanese Canada, Cornwall, Ont. 50 50 - -
Alberta Gas Chemicals, Medicine Hat - 380 760 760
Celanese Canada, Edmonton - - 700 700
Ocelot Industries, Kitimat, B.C. - - 420 420
Sub-total: firm . 50 430 1,880 1,880 -
o
Potential
Ashland et al, Alberta - - 700 700
Westcoast Transmission, B.C. - - 400 400
Sub-total: potential © -0- -0- 1,100 1,100
Total: firm + potential 50 430 2,980 2,980
[Ref. 91]
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In 1975 the Canadian methanol capacity consisted of Celanese
50,000 tonnes per year plant in Cornwall, Ontario. In 1980
Alberta Gas Chemical completed a 380,000 tonnes per year
plant at Medicine Hat.

Celanese Canada, Cornwall, Ontario: This is an old naphtha-
based plant. While Celanese have not made a definite state-
ment to the effect, it is probable that the plant will be
closed when supply becomes available from the company's new
Alberta plant in late 1982 or early 1983,

Alberta Gas Chemicals, Medicine Hat, Alberta: The first half
of this gas-based plant was commisssioned in the mid-1970's,
and the second half is under construction at the present time
with completion scheduled for late 198l1. Gas feedstock/fuel
is produced from the company's own reserves at a cost which
must be well below the current utility price to large indus-
trial customers in Alberta.

Celanese Canada, Edmonton: Celanese have completed hearings
related to their industrial development permit application
to the Alberta Energy Resources Conservation Board. Commis-
sioning of the new plant is proposed for mid-1982, Gas sup-
ply will be delivered by Northwestern Utilities; however
there may be procedures such as gas purchase contracts be-
tween Celanese and producers which will permit deliveries at
below normal utility prices to large industrial customers.

Ocelot Industries, Kitimat: Ocelot are proceeding with con-
struction of their plant at Kitimat. The target date for
commissioning is 1982, Gas will be delivered from the Pacif-
ic Northern Gas system. Appvarently a gas price aqreement has
been reached with the provincial government, but details are
not public. Industry sources believe that Ocelot have been
exempted from the full force of the province's recently



132

announced gas pricing policy for industrial processing ap-
plications as their project was underway prior to announce-
ment of the pclicy on May 26, 1980,

Ashland, IMC, Alberta: A proposal for a third gas-based
methanol plant in Alberta will probably be announced within
the next few months. Size will be similar to the Celanese
plant, and gas purchases will involve direct contracts be-
tween producers and the plant operator. Market interest is
believed to focus on the United States.

Westcoast Transmission, British Columbia: Westcoast's
methanol plant would appear to be in competition with the
projects of Ocelot and Celanese. Ocelot may have an advan-
tage in gas pricingibecausé of their agreement with the B.C.
government. Celanese also have a gas price advantage, though
this is offset by the cost of transportation to tidewater.
While Westcoast continue to pursue their project, it appears
the least certain among current proposals to proceed to pro-
duction.

The Westcoast methanol project will be subject to British
Columbia's new gas pricing policy. In essence this policy
blends domestic and export gas prices after taking into ac-
count the proportion of the product price accounted for by
feedstock gas and the proportion of the product exported.
As an illustrative example:

- methanol $300/tonne FOB factory
- gas feedstock 37 GJ/tonne

- export proportion 90% of production

- domestic gas price $2.25/GJ

- export gas price $5.20/GJ

FEEDSTOCK PRICE = $2.25 + 90% (37 x $5.20) (5.20 -2,25)
($300.00)

= $3.95 ( per GJ )

“2n e R D N N N  E thE O I G G mm SmEE HER O UEE SR R
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In the event that the primary gas-based product is upgraded
to a first derivative (e.g. formaldehyde, acetic acid) and
the derivative is exported, the domestic market price would
be applicable.

" Demand for methanol in Canada was 212,000 tonnes. Industry

sources estimate that by 1985 demand will be 320,000 tonnes
and by 1990 will reach 480,000 tonnes. This forecast is
based on an average annual demand growth of about 8.4 per-
cent between 1980 and 1990.

The bulk of the methanol is.used for the production of
formaldehyde. Over 60 percent of the 1980 demand went into
formaldehyde production. Its use for dehydrating pipelines
was second and accounted for 19 percent.

Table 4.34
1980 Canadian Methanol Demand
. , 3.3

Application 10" m“/a Percent
Formaldehyde 128.5 60.0
Dehydrating Pipelines 40.0 18.9
Deicing Agent 21.0 9.9
Solvent : _ 5.5 4.5
Methyl Amines 5.5 2.6
Other 7.5 3.5

Total 212.0 100.0
IRef. 91]
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For the future, in terms of traditional methanol end-uses,
growth of Western markets will be restricted. Formalde-
hyde requirements could double if the growth in forest
industry activity and further penetration of resin-inten-
sive particle wafer boards is substantial. The weight
gain associated with upgrading methanol to formaldehyde
will prevent Western production from distant markets.
Other traditional uses of methanol will continue to offer
modest but expanding markets. Methanol requirements for
existing uses could be met from existing Alberta Gas
Chemicals capacity.

The production of Methyl tertiary butyl ether (MTBE) could
create a demand, but it seems certain that it's production
would@ be integrated into a methanol facility.

The production of motor gasoline from methanol could in-
crease the demand substantially.

The move by some provinces, including British Columbia, to
raise the natural gas feedstock price to methanol producers
who do not upgrade in the province, will discourage further
capacity expansion.

Due to the high cost of transporting gas to Toronto, and
the increasing spread between crude oil and gas prices,
gas-based methanol production in Alberta and British Colum-
bia will continue to be attractive for sometime into the
future and provides a competitive yardstick by which the
economics of coal-based methanol production can be measured.

Western European Market

Western European demand for chemical grade methanol is esti-
mated to reach six million tonnes by 1990. This conserva-

tive estimate is based on an annual growth rate of 5.8 per-
cent over 1979 demand level of 3.25 million tonnes. Several
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developments could boost demand even higher. One is the
direct addition of methanol to gasoline. Another is its
use to produce ethylene and related lower olefins and
downstream products. The strong demand for methanol in
Western Europe. in newly developed uses is a good illustra-
tion of the dynamic nature of its market. 1In 1980, more
than 10 percent of the methanol used in Western Europe
went into outlets that have developed only during the

last five years.

Formaldehvde, made by catalytic oxidation of methanol.
is expected to continue as the largest single use of
chemical grade menthanol. 1Its average annual growth in
the next ten years, however, will be among the lowest
rates. Formaldehyde is used largely to make thermoset-
ting resins.

The other conventional methanol outlets include dimethyl
terephthalate, methyl methacrylate, methyl halides, and
methyl amines. Together they represent about 16 percent
of 1980's total demand. By 1990, they will account for
about 840,000 tonnes or 14 percent of total chemical
grade methanol demand. The projected growth rate over
the next 10 years is about 4.2 percent annually.

The newer markets include methyl tertiary-butyl ether
(MTBE) which is used as a replacement for lead-based
gasoline antiknock agents and as a blending agent. Me-
thanol is also used as a gasoline extender, and in the
production of acetic acid and single cell protein.

Among the new uses of methanol currently being examined
is the production of olefins. Methanol can be converted
to ethylene and propylene in high yield using a zeolite
catalyst. The yield, which can be as high as 70 percent,
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depends on the reaction conditions. At 60 percent yields,
the economics of the methanol-to-ethylene process would
allow methanol to displace some of the naphtha currently
used as feedstock for ethylene production. Another po-
tential use for methanol is in the production of ethylene
glycol. .Ethylene glycol could be made by reacting formal-

dehyde, carbon monoxide, and water to form glycoclic acid,
followed by esterification and reduction to glycol.

Methyl Tertiary~Butyl Ether (MTBE)

Another big potential application for methanol is the
manufacture of methyl tertiary-butyl ether (MTBE), an oc-
tane improver for gasoline. 1In the United States, this
hinges on government approval of MTBE for this use. Com-
merical production of MTBE started in Italy and West Ger-
many in 1974,

World capacity of MTBE, which was estimated at 150,000
tonnes per year in 1978, had reached 800,000 tonnes per
year by the end of 1980. Some industry sources expect
this figqure to more than double in the next five years.
The demand for MTBE is very strong because of higher
worldwide demands for aromatics. Though MTBE is not ex-
pected to come even close to matching aromatics in terms
of supply, it does have the special attraction of free-
ing up toluene that might otherwise be added to gasoline
pools in order to meet unleaded octane requirements.
MTBE is blended in the gasoline pool in amounts of up to
7 percent by volume.
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Table 4.35
Methanol Use - Western Europe
thousand tonnes per year | Percent
. % * Annual
1979 1985 1990 : Growth
Total Percent Total Percent Total Percent 1979-1990
Formaldehyde 1586 48.8 2040 44.3 2315 38.5 3.5
Gaschol 200 6.1 300 6.5 600 10.0 10.5
Dimethyl terephthalate 160 4.9 200 4.3 250 4.2 4.2
Methyl amines 155 4.8 180 3.9 260 4.3 4.8
Methyl halides 110 3.4 150 3.3 180 3.0 4.6
Methyl methacrylate 110 3.4 130 2.8 150 2.5 2.9 .
Methyl tertiary-butyl “
ether (MTBE) 70 2.2 180 3.9 240 4.0 11.9
MTBE blending 30 0.9 75 l.6 100 1.7 11.7
Acetic acid 25 0.8 185 4.0 375 6.3 27.9
Single-cell protein (SCP} 2 negl. 160 3.5 250 4.2 55.1
Other 805 _24.7 1000 _21.9 1290 _21.3 - 4.3
Total 3253 100.0 4600 100.0 6000 100.0 5.8

*
Stone & Webster Estimates

* %
Includes solvents and methyl esters of acetic acid,
fatty acids, and glycols.




Table 4.36

Location

United States

West Germany
Italy

New Methyl Tertiary-Butyl Ether (MTBE) Plants

Producer

Arco

Petro~Tex

Phillips Chemical
Schenectady Chemical

Sub-total

Sub-total

Capacity

1000 t/a

[

200
280
100

100

680

140
100

240

Status

near completion
near completion
near completion
near completion

BET

completed
completed
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4.7 Benzene, Toluene, Xylenes

4.7.1 Supply

Canada has an excess capacity of benzene, toluene, and
Xylenes. In 1930 benzene exports amounted to 120,000
tonnes or about 23 percent of -supply. Toluene'exports'
during the same year were 175,000 tonnes or 38 percent
of sﬁpply,and xXylenes exports were 290,000 tonnes or
79 percent of supply.

Table 4.37
1980 Canadian BTX Supply/Demand
1000 tonnes
Benzene Toluene Xylene
Supply . 530 460 365
Demand 410 285 75
Export . 120 175 290
[(Ref. 91]

Annual growth rates in Canadian BTX supply over the
last five years ranged from 7.9 percent for benzene
to 21 percent for xylene.

Table 4.38
" Canadian BTX Supply Growth
1000 tonnes Average
‘Annual Growth
Benzene 362 530 7.9
Toluene 280 460 10.5
Xylenes 142 365 21.0
[Ref. 91]
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The high growth rates in BTX supply were mainly a result
of even higher growth rates in exports.

Table 4.39
Canadian BTX Export Growth
1000 Tonnes Average
Annual Growth

Benzene 101 120 3.5
Toluene 85 175 | 15.6
Xylenes 86 290 : 27.5
[Ref. 91]

With the exception of small toluene and xylenes volumes
produced in Vancouver, all of the Canadian BTX current
capacity is concentrated in the east.

Table 4.40
1980 Canadian BTX Capacity
1000 tonnes
Benzene Toluene Xylenes
Sarnia 401 238 202
Montreal 125 190 155
Toronto 22 16 12
British Columbia - 38
Other - -
Total 548 477 378

[Ref. 91]
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Two major projects for benzene production are planned.
The Petalta project with a 500,000 tonnes/annum (t/a)
capacity and the Shell project with 236,000 t/a capacity.

Petalta Project:

This joint venture between Alberta Energy Company and
ESS0C Chemical Canada is based on pentane, and higher
hydrocarbons, feedstdck. It will have a design capaci-
ty of 500,000 -t/a of benzene, plus a naphtha/raffinate
stream which could be upgraded to olefines, but is cur-
rently expected to go to the ESSO refinery for fuel pro-
duction. The plant is scheduled for operation in 1984.

Shell Canada - Strathcona Synthetic Crude Refinery:

Components of Shell's proposed synthetic crude o0il re-
finery include a 1,750 cubic meter per day aromatics
extraction unit and a 950 cubic meters per day dealkyla-
tion unit. Benzene capacity will be 236,000 t/a. ERCB
approval has been granted and operation is scheduled

for 1984.

Demand

Current demand for aromatics in western Canada is limited,

.with the only upgrading operation of consequence being

the 32,000 t/a Dow Chemical phenol plant which purchases
toluene from the ESSO refinery at Ioco.

The Shell/Nova plant will be a captive user of the full ben-
zene output of the Shell refinery, while the Petalta

plant will take over one-half (316,000 t/a) the benzene
output from the associated pentanes - plus processing

plant. Since anncuncement of the Petalta styrene plant
there has been no statement as to the intended disposi-

tion of potential surplus benzene production.
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Other than the styrene projects, no new uses for aro-
matics in western Canada could currently be considered
as "probable". Virtually any of the common BTX deri-
vatives might be produced to complement ethylene-rela-
ted petrochemical activity, but none would appear to
offer an export opportunity comparable to that of sty-
rene. Perhaps the most likely potential upgrading
project which would provide a significant demand is a
benzene to phenol plant; however, construction of such
a plant would displace output from Dow's toluene oxiT
dation plant and eliminate the demand for toluene frém
the ESSO refinery. :

Pricing

As aromatics are produced from petroleum, an alterna-
tive to their use as chemicals is in manufacture of
liquid fuels. The shortage of indigenous crude oil in
Canada, the probable move of the Canadian crude price
towards world levels, and the fact that Canadian capi-
tal costs for petrochemical projects are higher than
in competing countries, are factors which discourage
expansion of aromatics production in western Canada.
In general, production is seen as being limited to
situations in which the advantageous gas/ethane price
situation provides an opportunity for upgrading aro-
matics in conjunction with ethylene, with the low
ethylene cost permitting the product to be competi-
tive in world markets.

Impact of Production at Hat Creek

The direct liquefaction of Hat Creek coal using H-
Coal or the EDS processes will produce substantial
amounts of naphtha which could be upgraded to produce

BTX or alternatively be utilized as motor benzole, i.e.,

for blending in gasoline.




Table 4.4l
Hat Creek Potential BTX Production
Annual Production 1980 Canadian Percent of 1980
1000 tonnes Production Canadian Production
EDS H-Coal 1000 tonnes EDS H-Coal
Benzene 1063 938 530 200.6 . 177.0
Toluene 123 109 460 . 26,7 23.7
Xylenes 62 55 367 16.9 15.0 -
L
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The EDS process would produce double the 1980 Canadian
supply of benzene and about 27 percent of the toluene
and 17 percent of the xylenes. The introduction of
direct coal liquefaction e.g. EDS processes may there-
fore be anticipated to have a major influence on the
international BTX market. _

Ammonia

Ammonia can be produced from Hat Creek coal by the

gasification/synthesis route. The yield relationship
is such that 1 tonne of ammonia can be produced from
approximately 3 - tonnes of Performance Blend coal. A
production of 1,000,000 tonnes per year of ammonia

would, therefore, consume 3 million tonnes of coal or
about one-sixth of the requirement for the other pro-

cesses considered in this Report. However,this also

represents 40 percent of total planned Canadian capa-
city additions scheduled for 1985 and hence, if im-
plemented, would meet severe competition.

International Ammonia and Nitrogen Fertilizer Market

Availability of reliable data is the major limitation of
this type of study. China and Russia, for instance, do
rot make data readily available though they are two of
the largest producers and consumers. The degree of
accuracy of data from many other countries is unknown.

Data from countries reporting on a calendar year have been
combined with those reporting in a fiscal year. Consump-
tion, as reported by the TVA, is estimated as the differ-
ence. between reported production and export/import data.
Thus, consumption estimates can be innaccurate if inven-

tories change significantly from year to year.
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Estimating production based on capacity is difficult be-
cause of international trade. The data provided by TVA's
National Fertilizer Development Center (NFDC) assumes a
given operating rate, which may differ from the method
utilized by the Food and Agriculture Organization (FAO)
of the UN., 1In addition, the rate may vary from country
to country and from year to year for the same country.

Thus, the above limitations may cause a difference in
the figures for any one region (e.g. Tables 4.42 and
4.45). Nevertheless, the two most widely recognized
sources - FAO and the NFDC - are used in this study for

comparison purposes.

The following sections are divided by world regions each
discussing the nitrogen fertilizer market, including con-
sumption/production and demand/supply capabilities. 1In

addition, the ammonia market is detailed by region when-

ever possible.

World Nitrogen Fertilizer Market

During 1977 the world nitrogen production reached 46
million metric tons (Table 4.42, Table 4.43), with an es-
timated 57 percent increase expected by 1985. Duriﬂg

1978 and 1979, world production has averaged slightly more
than 60 percent of the world's ammonia capacity. There
are two main factors which influence demand for nitrogen
(Table 4.43). First, modern crop systems need large
amounts of nitrogen fertilizers to reach their full yield
potential. Secondly, there is an increased demand for
meat throughout the world requiring more feed grains. In
addition, livestock expansion means more intensive use of
pasture and forage crops, creating a greater need for nitro-
gen. This shift in diets should help to increase demand




Table 4.42 World Nitrogen Fertilizer Production

Rate Of
Change
Region 1976 1977 1978 1979 1980 1981  1982®  1983®  1984®  198s" s
- = m e e e e - = - (million tonnes) - N e e e e e e e e - = - -
North America 10.4 10.8 11.4 11.2 11.2 11.2 11.3 - 11.3 11.3 11.3 9
Latin America 1.2 1.3 1.8 2.0 2.5 2.5 2.7 3.0 3.5 3.8 217
Western Europe 9.0 9.2 9.6 9.7 10.1 10.4 10.4 10.5 10.6 10.6 18
Eastern Europe 5.3 5.8 6.2 6.5 6.9 7.2 7.6 7.9 8.0 8.0 51
USSR 8.5 8.5 9.3 10.5 12.2 13.9 15.7 17.2 17.8 17.8 109 =
Africa 0.6 0.7 0.8 0.8 1.1 1.4 1.8 - 1.9 2.0 2.0 233
Asia 8.7 9.4 9.6 11.1 12.5 13.8 15.0 16.0 17.2 17.8 105
Oceania 0.2 0.2 ° 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 50
World 43.9 45.9 49.0 52.1 56.8 60.7 64.8 68.1 70.7 71.6 63

Note: E = Estimates and Projections, based on 90 percent rate in developed countries and a 70 percent operating
rate in developing countries.

Source: TVA, National Fertilizer Development Center

4 E
b



WE AR Ay an SN Ny SN EN S E 2 EE r A VR SN Ny S an

Table 4.43 Nitrogen Fertilizer Consumption, Trade and Production - 1976 to 1979

North Latin
America America Europe USSR Africa Asia Oceania World
1976 e R R (miliion tonnes) - - - = = = - - - - -
Consumpti?n 10.3 2.2 12.5 7.3 1.3 12.5 0.2 46.3
Net Trade -0.1 -1.0 2.6 0.4 -0.6 -1.8 -0.03 -0.5
Total 10.2 1.2 15.1 7.7 0.7 10.7 0.17 45.8
Production ) 11.0 1.3 15.1 8.5 0.6 10.8 0.2 47.5
Difference 0.8 0.1 -0- 0.8 -0.1 0.1 0.03 1.7
1977
Consumption 9.7 2.5 13.0 7.5 1.3 15.5 0.3 49.8
Net Tradel 0.7 -1,2 2.6 0.6 -0.5 -2.1 -0.9 -0.8
Total 10.4 1.3 15.6 8.1 0.8 13.4 -0.6 49.0
Production ) 11.1 1.3 15.8 9.5 0.8 13.2 0.2 51.9
Difference 0.7 -0- 0.2 1.4 -0~ -0.2 0.8 2.9 %
1978
Con3umpti?n 10.5 2.5 14.0 7.7 1.4 17.4 0.3 53.8
Net Trade 1.1 -1.1 2.7 0.7 -0.6 -2.6 -0.1 0.1
Total 11.6 1.4 16.7 8.4 0.8 14.8 0.2 53.9
Production 9 11.7 1.4 17.2 9.2 0.8 15.4 0.2 55.9
Difference 0.1 -0- 0.5 0.8 -0- 0.6 -0- 2.0
1979
Consumpti?n 11.1 2.7 14.5 7.5 1.5 19.6 0.3 57.2
Net Trade 0.9 -1.2 2.5 0.7 -0.6 -2.7 ~0.1 -0.5
Total 12.0 1.5 17.0 8.2 0.9 16.9 0.2 56.7
Production ) 12.9 1.4 18.0 9.0 0.8 17.5 0.2 59.8
Difference 0.9 -0.1 1.0 0.8 -0.1 0.6 -0- 3.1
Notes:l

Net Trade = Exports less Imports

2Difference = Production less (Consumption and Net Trade)

Source: Food & Agriculture Organization of the U.N,
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in the years ahead. Increased demand for meat is partially
offset by the increasing areas of land used for soybeans
which fix atmospheric nitrogen, requiring little nitrogen
fertilizer.

World demand for nitrogen from 1978 through 1984 is ex-
pected to grow at an average annual compound rate of 4.8
percent (Table 4.44).

On the supply side, nitrogen is expected to increase at a
compound rate of 4.8 percent for the same period, reaching
almost 72 million tonnes by 1984 (Table 4.45).

The world ammonia capacity is expected to increase by

60 percent through 1985, reaching 113 million tonnes

(Pable 4.46). Natural gas is the preferred feedstock, which
is the basis for 68 percent of the world's supply of nitrogen.
Thus, the location of cheap natural gas will be a major de-
terminant in the location of future ammonia production (Table
4.47).

The most current sources indicate that by December 1978 the
number of plants closed totalled 6 million tonnes of
ammonia capacity.

Table 4.47 World Natural Gas Reserve

Reserves

1012 o3 ° 1012 g3
North America 7.59 268.0
Latin America 3.07 108.5
Western Europe 3.87 136.8
Eastern Eurove 0.32 11.4
USSR 26.05 920.0
Africa 5.88 . 207.5
Asia 23.49 829.4
Oceania 1.08 38.0
World 71.35 2,519.6

Source: TVA, Natural Fertilizer Development Center
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Table 4.44 World Nitrogen Fertilizer Consumption

Rate Of

Change

. . . . 1976-85
Region 1976 1977 1978 1979 1980 19815 1982 1983 1984 1985 %

- = = -~ - - - - - - - - (;mlllion tonnes) = - -~ = - = - @ - - - - _
North America 10.0 10.3 9.7 10.8 11.2 11.6 11.9 12.3 12.7 13.1 31
Latin America 2.0 2.3 2.5 2.7 2.9 3.1 1.3 3.6 3.8 4.1 105
Western Europe 7.7 8.0 8.2. 8.5 8.8 9.0 9.3 9.6 9.8 10.0 30
Eastern Europe 4.5 bob 4.8 5.1 5.4 5.7 5.9 6.2 6.4 6.7 49
USSR 7.3 7.3 8.1 8.6 9.0 9.6 10.1 10.6 11.1 11.6 59 E

Africa 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 © 2.2 2.3 77
Asia 10.3 11.2 12.4 13.3 14.1 15.0 15.9 16.8 17.7 18.5 80
Oceania 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.4 100
World 43.3 45.2 47.5 50.9 53.4 56.1 58.6 6L.4.  64.0 66.7 54

NOTE: E = Estimates and Projections, based on a 30 percent rate in developed countries and a 70 percent operating
rate in developing countries.

Source: TVA, National Fertilizer Development Center



Table 4.45 World Nitrogen Fertilizer Demand/Supply Capabilities

1976 1977 1978 1979" 1980" 1981F 1982 1983 1984

NORTH AMERICA - e e = = = = e - (million tonnes) = = = = =~ - - - = = = - = = =

Supply Capability 10.75 11.28 11.83 10.85 12,97 12,92 12,83 . 12.82 12.79

Consumption 10.26 9.69 10.49 10.53 11.09 11.66 12.22 12.70 13.18

Surplus (- Deficit) 0.49 1,59 1.34 0.32 1.88 1.26 0.61 0.12 -0.39
LATIN AMERICA

Supply Capability 1.32 1.36 1.34 2.78 3.04 3.54 3.94 4.11 - 4.34

Consumption 2.27 2.58 2.49 2.72 2.96 3.16 3.37 3.58 3.81

Surplus (- Deficit) -(.95 -1.22 -1.15 0.06 0.08 0.38 6.57 0.53 0.53
WESTERN EUROPE )

Supply Capability 9.59 10.09 11.14 9,54 9.26 9,52 9.47 9.46 9.52

Consumption B.42 8.75 9.42 9.62 9.84 10.09 10.35 16.61 10.87

Surplus (~ Deficit) 1.17 1.34 1.72 -0.08 -0.58 -0.57 -0.88 -1.15 -1.35
EASTERN EUROYE/USSR :

Supply Capability 13.95 14.71 15,28 17.03 19,38 21.59 21.94 22,18 22.20

Consumption 11.28 11.69 12.24 12.72 13.44 14.18 14.61 15.65 16.39

Surplus (- Deficit) 2,67 3.02 3.04 4.31 5.94 7.41 7.03 6.53 5.81 ©
AFRICA

Supply Capability 0.16 0.15 0.17 0.12 . 0.23 0.35 0.42 0.46 0.55

Consumption 0.52 0.47 0.49 0.55 0.60 0.65 0.69 0.74 0.79

Surplus (- Deficit) ~-0.36 -0.32 -0.32 -0.43 -0.37 -0.30 -0.27 -0.28 -0.24
ASTA

Supply Capability 8.37 9.90 11.84 14.47 16.40 17.35 18.52 19.88 20.87

Consumption 10. 39 13.27 14.92 16.26 - 17.19 18.17 19,51 20.21 21.24

Surplus (- Deficit) -2.02 -3.37 ~3.08 -1.79 -0.79 -0.82 -0.99 -0.33 -0.37
OCEANTA '

Supply Capability 0.22 0.22 0.20 0.17 0.17 0.19 0.20 0.20 0.20

Consumption 0.23 0.23 0.24 0.27 0.27 0.29 0.30 0.32 0.33

Surplus (- Deficit) -0.01 -0,01 -0.04 -0.10 -0.10 -0.10 -0.10 -0.12 -0.13
OTHER

Supply Capability 1.53 1.91 1.98 1.85 1.65 1.60 1.55 1.49 1.42

Consumption 1.08 1.07 1.14 1.16 1.18 1.22 1.26 1.29 1.33

Surplus (- Deficit) 0.45 0.84 0.84 0.69 0.47 0.38 0.29 0.20 0.09
WORLD TOTAL

Supply Capability 45.89 49,62 53.78 56.81 63.10 67.06 68.87 70.60 71.89

Consumption 44,45 47.75 51.43 53.83 56.57 59.42 62.61 65.10 67.94

Surplus (- Deficir) 1.44 1.87 2.35 2.98 6.53 7.64 6.62 5.50 3.95

Source: U.S. Departmént of Agriculture.




~Table 4.46 World Ammonia Capacity

Rate Of
Change
Reglon 1976 1977 1987 1979® 198"  1981%  1982®  1983®  1984®  108s° -
R T T T R (million tomnes) - ~ - = = = =~ - - - - - - |
North America 15.3  18.2 17.4 17.3 17.4 17.4 17.4 17.4 174 17.4 14
Latin America 2.8 2.8 4.3 4.3 4.4 4.4 5.6 6.6 6.8 6.8 143
Western Europe 14.8 14.8 14.9 15.8 16.1 16.1 16.1 16.4 16.4 16.4 11
"™ Eastern Europe 9.2 9.4 9.9 10.8 10.8 11.6 12.4 12.4 12.4 12.4 LI
USSR 11.4 12.6 14.2 16.5 19,4 20.9 24.7 24.7 24.7 24.7 ny =
Africa 1.2 1.2 1.5 1.6 2.9 2.9 3.5 3.5 3.5 3.5 192
Asia 15.3 17.2 19.3 22.3 24.5 25.6 28.5 30.7 31.3 31.3 105
Oceania 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 - -
World 70.4 76.6 81.9 89.0 95.9 99.3 108.6 112.1 112.9 112.9 60
NOTE:

E = Estimates and Projections, based on a 90 percent rate in developed countries and a 70 percent
operating rate in developing countries.

Source: . TVA, National Fertilizer Development Center
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Asia consumes over 19 million tonnes of nitrogen,
which is about 2 million more than it produces. Con-
sumption for selected countries is further broken down
below:

Table 4.48 Nitrogen Consumption - Pacific Rim~
1976 to 1977 and 1978 to 1979

million t'onnes

Canada 0.6 0.8
United States 9.7 10.3
Japan 0.7 0.8
Philippines . 0.2 0.2
Indonesia 0.3 0.6
wWorld 46.3 57.2

Source: Food and Agriculture Organization of UN.

China also consumes a considerable amount of nitrogeq,
totalling about 7 million tonnes in 1978. The Japaneée
industry is reducing its fertilizer capacity, since its

export market is declining while the cost of importing ‘

feedstock is increasing. Japan has closed 1.3 million
tonnes of ammonia capacity since 1978 and may close

20 percent of the remaining plants. Despite Japan's de-
creasing ammonia capacity, Asia is expected to have one
of the largest increases in ammonia capacity in the world.
However, a net increase of 12 million tonnes in Asian am-
monia capacity is expected between 1978 and 1985. Total
nitrogen production in Asia could increase 90 percent be-
tween 1977 and 1985, while consumption will increase by
66 percent. Asia is expected to be a net importer of
nitrogen through 1985, the largest consumers being China
and India.
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Large increases in ammonia capacity are planned in India,

China, Turkey, Indonesia and Pakistan. Planned capacity
in the Middle East market is uncertain. Though the de-
mand for fertilizers is low in this area, it has 29 per-
cent of the world's natural gas reserves at a low cost,
which encourages construction of processing facilities.

Europe

During 1977 Western Europe produced about 9.2 million
tonnes of nitrogen and consumed only 8.0 million tonnes
(Table 4.42 and 4.44). Production is expected toc in-
crease to 10.6 million tonnes and consumption to 10.0
million tonnes by 1985. Capacity expansions in Europe
are expected to slow down.

Ammonia capacity is expected to increase by only 11 per-
cent between 1977 and 1985 (Table 4.46). Some plants

“have recently closed because of poor profits. Consump-

tion is expected to increase by 1985, the nitrogen sur-
plus is expected to continue. France, West Germany and
the United Kingdom are the largest consumers in Western

Europe.

*
Developing Countries

Consumption of nitrogen fertilizer is expected to grow
fastest in developing economies since populations are
increasing most rapidly and government policies are aimed
at augmenting food production. In 1977 these countries

- consumed about 14 million tonnes of nitrogen, totalling

about 31 percent of the world's consumption {(Table 4.42).
The region's production of nitrogen fertilizer reached

NOTE: Developing countries generally include Africa,
Latin America, Asia (except Japan and Israel)
and other developing economies.

o TN
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10 million tonnes in 1977. Ammonia capacity is ex-
pected to grow at a rate of 27 percent through 1985 (Table

4.46). The major importers of nitrogen will continue to be

the developing countries through 1985.

North America

Historically North America (Canada and the United States)
produces more nitrogen than is consumed. 1In 1977 produc-

tion was 10.8 million tonnes, while consumption was 10.3.

The surplus in this regioﬁ is expected to continue through
1981 (Tables 4.42 and 4.43). During 1977, however, more
nitrogen was imported than was exported since ammonia pro-
ducers found imports cheaper.

Ammonia capacity is exvected to be relatively constant at
17.4 million tonnes through 1985 (Table 4.46). However,
it is not known whether plants which had been closed due
to poor market conditions will be brought back when the
market improves: This is significant since idle capacity
in the US is estimated to be over 4 million tonnes of
armmonia.

Canada

Ammonia plants in Canada have been operating at about 90

_percent of design capacity, or 1.9 million tonnes a year

(Table 4.49). The latest sources report almost equal
levels of consumption and production for 1978 and 1979 at
2.35 and 2.45 million tonnes, respectively. This is a one
percent increase in production between 1978 and 1979.

The proposed new ammonia plants in Canada are expected to
reach a capacity of 1.46 million tonnes by 1985 (Table
4.49), and total capacity should reach about 2.5 million
tonnes. However, the three plants planned by Union 0il
are still uncertain. Most of this production is



Table 4.49 Ammonia Plants in Canada

Capacity
Company Location Status Tonnes/Year
(a) (000)
Operating Units
Canadian Fertilizer, Ltd. Medicine Hat, AB 1976~1980 726
Cominco, Ltd. Calgary, AB 1976-1980 113
Trail, BC 1976-1980 63
Carseland, AB 1977-1980 i 363
" Cyanamid of Canada Welland, ON 1976-1980 227
Genstar Chemical Majitland, ON 1976-1980 80
Sherritt-Gordon Mines Ft. Saskatchewan, AB 1976-1980 145
J. R. Simplot Co. Brandon, MB _ 1976-1980 100
Western Coop. Fertilizer - Calgary, AB 1976-1980 63
. Medicine Hat, AB 1976-1980 60
Total Operating Units 1976-1980 1,940 Ei
Proposed Units(b)
Canadian Industries, Ltd. Eastern Canada ' 1985 1.1
(Courtwright) ' 544
Ethyl Chemicals (Esso) Western Canada 1983-1984 374
Sherritt-Gordon Mine Western Canada 1983-1984 544
Union 0il (3 plants) = - - - -~ - - - Planned- - - = = = - ~
Total Broposed Units 1983-1985 1,463.1
TOTAL (Approximate) - 1976-1985 3.403.1

Sources:

(a)
(b)

National Fertilizer Development Center, TVA.
The Canadian Fertilizer Institute.
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expected to take place in Western Canada where gas is
available at low cost. About 50 percent of Canada's
production in now exported to the U.S. This is ex-
pected to continue since most of the new production
will be for exports.
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Table 4,50 'Summary - World Nitrogen Fertilizer Consumption
1970 to 1985 .
- Annual Growth(a) (a)
Z 1980'2
1970-75 1976-80
North America 3.4 2.3 : 11.2
Latin America 10.3 ‘9.3 2.9
Western Europe 3.8 2.8 8.8
Eastern Europe 5.5 3.8 5.4
USSR 12.2 4.6 9.1
Africa 8.4 7.2 1.7
Asia 7.3 7.6 4.1
Oceania 2.0 9.6 0.3
World - - 53.5
Sources: (a) TVA, National Fertilizer Development Center.

NOTE: E = Estimates and Projections, baced on a 90 percent rate in developed countries and a 70 percent

million tonnes

Aﬁnual Growth

—E—.—
980-85

(b) U.N,, Food & Agriculture Organization.

rate in developing countries.

3.4
8.1
2.8
4.8
5.5
6.6
6.2

4.5

3.0

66.6

Consumption
Per Cap. %
1985E(a) Increase
million tonnes 1968-1978
13.0 47
4.1 73
10.0 48
6.7
86
11.6
2.3 100
18.5 148
0.3 it

LST
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ECONOMIC ANALYSES

The method and requirements of the economic analysis were
outlined in the Terms of Reference (Appendix A) and the
Financial/Economic Criteria (Appendix B).

Conversion Processes - Basis of Selection

The processes selected for economic evaluation in this Study
are listed in Table 3.1. This list is the result Of a systema-
tic elimination of a large number of patential processes for
‘convert&ng Hat Creek coal to upgraded solid, ligquid or gaseous
product?. The reasons for elimination have been discussed
separatély in Sections 2, 3 and 4 of this report but are sum-
marized as follows:

A. Coal-related factors

Any conversion process considered must be compatible
with or adaptable to the particular properties of Hat
Creek coal. As was discussed in detail in Section 2
these are:

{i}) a high inerts content, moisture and ash accoun-
ting for more than half the weight of coal in
the as received conditions.

(ii) 1low rank, being borderline sub-bituminous/lignite.
Additional tests demonstrated that the coal hy-

drogenated readily but gave low yields of liquid
hydrocarbons on pyrolysis, hence eliminating py-

rolysis from further consideration.

(iii) wunsuitability for beneficiation by currently avail-

able commercial methods for removing mineral matter.

This virtually rules out all processes for conver-
sion to upgraded solid products except where the
ash is removed at some later process stage, e.g.
solvent refined coal.

B B B O BN B OB B OB BN B OB OB O OB OO OB OB OB
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(iv) a strong tendency for the dried coal to re-
absorb water without measurable volume change.
This is a particular disadvantage in cases where
a slurried coal feedstock is required e.g. Coal/
0il mixtures (COM), coal/water mixtures (CARBOGEL),
Texaco gasification.

Process-related factors

The time frame of the study requires that any processes
considered must be already commercially proven or at such
an advanced stage of demonstration that engineering design
of a commercial plant could réasonably be undertaken at

the present time.

{i) Solid Products

No processes for direct conversion to upgraded
solid products are considered available. Con-
version to liquids or gaseous products were con-
sidered as follows:

(ii) Coal ligquids

(a) Solvent Extraction
The liquid solvent extraction process (LSE)
and the supercritical gas solvent extraction
process (SGE) under development by the NCB
(UK) are not commercially demonstrated

The hydrogenated liquid (donor) solvent ex-
traction process under development by EXXON
(EDS Process) is presently operating at the
250 tons of coal per day scale and was con-
sidered to be sufficiently advanced to be con-
sidered in the Study.

Other processes in this category were not con-
sidered.



(b)

{c)

(d)

160

Uncatalyzed Direct Hydrogenation

The solvent refined coal processes (SRC-1

and SRC-2) under development by the Gulf 0il
Company are considered to be sufficiently dem-
onstrated and are included. -

No other variations of the Pott-Broche process
are near commercial demonstration.

Catalyzed Hydrogenation

The H-Coal Process (Hydrocarbon Research Inc.)
is considered to be sufficiently demonstrated
for inclusion, following operation of the
200/600 ton per day plant at Catlettsburg, Ken-
tucky in 1980/1981. The development of other
catalyzed processes e.g. the Consol Process
(CRESAP) are not being pursued to commercial
demonsgtration at the present time and are not

considered.

Indirect Liquefaction

All these processes commence with a synthesis
gas produced by total gasification of a coal
followed by shift reaction to adjust the car-
bon monoxide/hydrogen ratios according to the
product slate regquired.

The following synthetic processes are consid-
ered to be fully commercial:

a) Methanol Sythesis

This is the most widely demonstrated pro-
cess in commercial use. Several processes
are available.
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b) Fischer-Tropsch (Arge Process and Syn-
thol Process)

Have been full demonstrated on large
commercial scale at SASOL.

¢) Mobil Methanol-to-=-Gasoline Process
{(Mobil - MTG)

Has been demonstrated at continuous

pilot plant stage and the New Zealand
Government is funding a detailed design

of 2070 m3/d (13,000 b/d) plant. At

least four other major projects are ﬁnder
development and the process is considered
to. be commercially available in this Study.

No other processes for synthesis of li-

quids have been considered.

Gaseocus Products

The process options available are conversion to fuel
gases (low BTU, medium BTU); syhthetic natural gas
(SNG) by synthesis from medium BTU gas; or ammonia
by synthesis from medium BTU gas.

Low BTU fuel gases have not been considered for re-
sons discussed under marketing factors.

A number of processes capable of producing medium
BTU gases by total coal gasification have been com-
mercially demonstrated, the best known of which are
the Lurgi (pressurized fixed bed}, Winkler (atmos-
pheric fluidized bed) Koppers {(atmospheric entrained
flow) and Texaco (pressurized entrained flow) pro-
cesses. Other, so-called, second generation pro-
cesses are under development none of which, however,
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having been commercially proven to the same degree.
This Study therefore considers only these four pri-
mary processes. But since there is no discernible
market for medium BTU fuel gases (see Paragraph C,
below) these processes are utilized principally for
the preparation of a synthesis gas for subsequent
conversion to SNG, ammonia or synthetic coal liquids.
Economic evaluation of SNG and synthetic coal liquids
has been carried out. Ammonia has not been evaluated
for reasons stated in Section 4.8.

Market-related factors

The primary questions addressed in considering market op-
portunities for Hat Creek coal conversion products have
been to determine whether a demand presently exists or will
develop in the foreseeable future, the size and location of
that demand and the potential revenues. These considera-
tions have been influenced by-the extremely large reserves
of natural gas that have been discovered in the Province,
the small and diminishing market for heavy fuel oils, the
excess capacity situation in the world nitrogenous ferti-
lizer market and the continuing concern over the future
supplies of tfansportation fuels. Other factors have been
the absence of a developed industrial market in the immedi-
ate vicinity of Hat Creek and the necessity for transpor-
tation the products to the Lower Mainland. 1In general, it
has appeared clear that the primary thrust for conversion
processes, as an alternative to electric power generation,
should be directed to production of liquid fuels.

Table 5.0 presents a summarized breakdown of the procedures
employed for process elimination and selection.

Table 3.1 lists 26 processes or process combinations, of
which four are processes for direct liquefaction by hy-
drogenation. The remaining 22 processes cover the routes

g




‘Table 5.0 Process Selection - Utilization of Hat Creek Coal

Type of Process Related Factors ' Decision

1 Solid Application

a) Direct Combustion Studied in separate evaluation Study has objective of evaluation
options which are competitive with
combustion of Hat Creek coal.

b) Beneficiation Coal unsuitable for beneficiation Beneficiation studies not included.

c) Active Carbon Application of coal to water treat- Study excluded because of lack of
ment taking advantage of fon ex- local markét for application.
change capability. )

d) SRC Solid solvent refined coal (SRC) is Rejected in favor of more severe o
produced by the hydrogenation of hydrogenation processes which make
coal at low severity. liquid products.

IT Gaseous Fuel Production

a) Low BTU Gas Rejected LBG as method of utiliza-~
Lack of local industrial market for tion.
products rules against production from
Hat Creek coal.

b) High BTU Gas B Rejected HBG as method of utiliza-
: tion
¢} Substitute Natural Gas Appears to be an unattractive option Evaluate comparative economics of
in view of abundant supplies in B.C. SNG vs. coal liquefaction. Base

at present. gtudy on Lurgl gasification process.




Table 5.@‘(Q9ntinued)

Type of Process

I1I Gaseous Fuel Production {(continued)
Gasification Processes

i) ZLurgi Process

ii) Koppers Process

1ii) Texaco Process

iv) Winkler Process

Related Factors

Hat Creek coal is reported, on the basis
of laboratory tests, to be a satisfactory
feedstock for Lurgl Fixed Bed gasifiers
but this ie contingent on the removal of
fines smaller than 13 mm from the feed.
These constitute a gubstantial proportion
of total coal to plant and economic fac-
tors are critically dependent on satis-
factory utilization of the fines.

Koppers entrained bed process would
be satisfactory for the gasification
of Hat Creek coal. However, low
pressure gasification is expected to
be uneconomical as basis for indirect
coal liquefaction.

The Texaco, entrained bed, high pres-
sure process based on water slurry
feed 18 in the developmental phase.
Application to Hat Creek coal is a
possibility but this could only be
proved based on a pilot test comparing
it with other gasifiers.

Hat Creek coal is potentially gasifi-
able by a fluidized bed process and
closely related data based on lignite
gasification is avallable.

Decision

Evaluate indirect coal liquefac-
tion based on:

a) combustion of excess fine
coal and export of any ex~
cess power

b) sale of excess fine coal.

c¢) gasification of excess fine
coal by the Koppers and
Texaco processes.

Evaluate SNG production based on
Lurgi gasification process.

497

The Koppers Process could be used
as a feasible alternative to the
Lurgi process. Perform economic
evaluation based on best available
data for indirect coal liquefaction.

Estimate economics of indirect coal
liquefaction using the best avall-
able data. Perform evaluation in
order to recognize if this second
generation technology offers po-
tential future advantages to B.C.
Hydro.

Develop order of magnitude compar-
ative economics based on Winkler
gasification applied to indirect
coal liquefaction,




Table 5.0 (continued)

Type of Process

I1 Gaseous Fuel Production (continued)
Gasification Processes
v) Other Processes

British Gas/Lurgi
Slagging Gasifier
Cogas
Shell Koppers

IIT Liquid Fuel Production

i) Direct coal Liquefaction

NCB Processes

Super Critical Gas Extraction
and

Liquid Solvent Extraction

Related Factors

Hat Creek coal has been shown to liq-
uefy readlily and with high carbon con-
version efficiencies in laboratory tests
of direct hydrogenation. It is a poten-
tial feedstock for processes derived
from Potte Broche (uncatalyzed) and
Bergius (catalyzed) processes., However
this is contingent on satisfactory re-
moval of the mineral residues (ash).

Preliminary investigations have been
carried out of applicability to Hat
Creek coal. Only the supercritical
extraction results appeared to be un-
satisfactory as a basis for commercial
application.

Decislon

Excluded from consideration be-
cause these processes are not
available for application to Hat
Creek coal in the near future.

Inciude direct hydrogenation by
SRC-I, SRC-II, H-Coal and EXXON
Donor Solvent processes.

Exclude long-term prospects such
as the DOW coal liquefaction pro-
cess and the EPRI short residence
time approach. Though it could be
applicable, the Consol {(Conoco)
process was excluded from consid-
eration because of the lack of
current activity in its develop-
ment.

Economic study not carried out be-
cause processes are not available
for commercial application in the
near future.

691



Table 5.0 {continued)

Type of Process

ii) Indirect Coal Liquefaction

Processes for production of liquid
fuels based on synthesis gas feed-
stocks.

a) Fischer-Tropsch

b) Methanol

¢) Methanol Conversion to
Gasoline

IV Pyrolysis

Related Factors

Process 1is well established in com-
mercial service based on low grade
‘coal (South Africa). Process lacks
capability to satisfy specific syn-
thetic fuel needs. However, it could
assume national importance as a source
of synthetic fuels.

Methanol production processes are
well established. For all practi-
cal purposes methanol production
based on coal equals Fisher-~Tropsch
technology in commercial feasibility.

In view of the lack of a general methanol
based economy, the conversion of methanol
to gasoline may be the best near term
policy for utilizing coal gasification,
Process has excellent specifications for
producing motor fuels.

Poor yield of liquid products obtained in
Fisher Assay test.

Decision

-

Evaluate order of magnitude
economics of Fischer-Tropsch
technology applied in associ-
ation with above selected
gasifiers viz. Lurgi, Koppers,
Texaco and Winkler.

Evaluate order of magnitude
economics of methanol tech- —
nology with above selected PN
gasifiers (as for Fisher-
Tropsch) .

Evaluate order of magnitude
impact of producing gasoline
rather than methanol. Use
best available published data
on the Mobil process.

Rejected pyrolysis as method
of utilization of Hat Creek
coal.
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to indirect liquefaction products - Fisher Tropsch Syn-
thesis; Methanol Synthesis; Methanol to M-Gasoline Syn-
thesis - based on seven processes or combinations of
processes for producing the necessary synthesis gas.
Four of the seven processes are proprietary, single pro-
cesses - Koppers, Lurgi, Texaco and Winkler gasification
processes, Of these, the Lurgi and Koppers processes

have found the greatest commercial application.

The Lurgi process, however, presents an additional prob-
lem becauge the gasifiers are unable to accept coal fines
{See Paragraph 2.1.7) which, following a special crushing
and screening operation are expected to comprise 36 per-
cent of the plant feedstock at Hat Creek. In the absence
of a thermal electric power generating plant at Hat Creek
no other external demand for the coal fines is expected
to develop adjacent to the Hat Creek site. The high
inerts content of the fines, moisture and ash together
totalling more than 54 percent, militates strongly against
rail transportation to the coast.

Alternative cases were therefore considered in which the
fines produced could be totally consumed with the battery
limits of the conversion facility. In one set of cases

the fines are used for co-generation, the boiler and turbo-
generator costs being included in the overall capital costs.
In a few cases this results in a small excess of electri-
city available for export with corresponding adjustment

of the plant revenues. In another set of cases the fines
rejected by the Lurgi gasifier are first used to raise

the required process steam, and to provide a minimum
emergency power generation supply (150 Mwe). The excess

of fines is then passed to other types of gasifiers ca-
pable of handling pulverized coal feeds viz. Texaco or
Koprers. The gases produced by two sets of gasifiers
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are combined, after preliminary purification, to provide
a single syngas feed to the Synthesis units. (See Para-
graph 2.4.3 and Appendix D, Table D1.1, Cases B6, B7, C6,
c7, D6, D7.)

5.2 Finanéial Criteria and Assumptions

(i) Exchange Ratijo:
U.8. $1.00 = Cdn. $1.15

{ii) Capital Costs:

Include costs of permitting, design, engineer-
ing procurement and construction of the battery
limits coal conversion plant. It is assumed
that coal, electric power, water and other sup-
port facilities are available at battery limits.
No allowance has been made for infrastructure
development needs at Hat Creek.

(iii} Contingency:

No allowance for contingency has been made in
this work. So far as possible economics have
all been developed on a contingency-free basis.

The influence of various levels of contingency
can then be seen by considering various levels
"of capital investment in the sensitivity studies.

(iv) Import Duties and Taxes:

Not included. The sources and countries of
origin of major machinery and equipment items
for a major conversion plant at Hat Creek can-
not be predicted at present.
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Project Schedule

The period from date of filing of project ap-
plications to initial plant start-up is taken
to be eight years. It is assumed that certain
tasks such as permitting, design, engineering
and preliminary construction can be overlapped

to minimize the time required.

The assumed schedule of investment is as shown in Table

5.1. !
Table 5.1 Project Investment Schedule
Investment Total to Date
Year Percent Percent
1 2 2
2 7
3 15 22
4 20 42
5 22 64
6 20 84
7 10 94
8 6 100
(vi) Interest Rate:

The rates specified (Appendix B) are 3, 6 and
10 percent per annum. Similar rates are used
to discount the net cash flows of the project

in calculating the Net Present Value {NPV) of
each investment.
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Plant Life:

The eccnomic life for each process considered

is taken as 30 years from start up operations.

No residual (book value), after 30 years is

realized.

Plant Operations:

330 days per yeaf; 3 shifts per day; 8 hours

per shift.

Operating Costs

(a)

{b)

(c)

Coal

B.C. Hydro provided estimated costs of
$8, $10 and $12 per tonne as received.
A base case assuming $10 per tonne has
been used.

Electricity

B.C. Hydro provided a formula for elec-
tric power costs based on demand charges
and load factors. Howéver this provides
a cost close to ¢2.5 pér KWh, with little

-significant effect of variations.on over-

all costs, and this fixed cost has been
used.

Water

A delivered cost of $0.38/m3 for both
process and domestic water has been
assumed.
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(d) Catalysts and Chemicals

Costs calculated according to individ-
ual process requirements for start-up
and normal operations.

(e) Labor

It is assumed that the plant is fully
manned from commissioning.

. 4 shift crews covering 3-shift opera-
tion. l

. Crew make-up is 40 percent operational,
* :
60 percent maintenance.

. Average hourly rate is $15.00

. Payroll burden is 30 percent of average
hourly rate.

. Hourly wages = $19.50/hour ($39,000/year).
. Overhead costs are 100 percent of wages.

. Total labor costs = $78,000 per plant
worker.

Replacement/Maintenance

Assumed to be 3 percent of capital investment an-
nually over 30 year economic life of plant. (Note
effect of capital cost escalation).

An allowance for contracted maintenance has also been
made in estimates of Replacement/Maintenance costs.
This reduces the number of directly engaged maintenance
workers required. '
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Start-up Costs

Assummed to be 25 percent of one month's pro-
ductive supplies (coal, power, water) plus
initial catalyst costs plus one month capi-
tal equivalent (Total capital > 360).

Working Capital

Assumed to be cost of coal for one month plus
value of products for one month plus one per-
cent of capital.

Change in working capital - 50 percent in the
first year of operation and 100 percent in sec-
ond and succeeding years.

.Depreciation

Not included

Taxes

Federal and provincial taxes are not included.

Inflation

Is not included.

Revenues

(a) It is assumed that plant products are
fully sold over 30 year life of plant.

(b) Product prices reflect those existing as
at end of 1980.
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{c}

(4}

All costs expressed in 4th Quarter 1980 are Cdn.S$.

Financial Results
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Because of the existing differential

in o0il prices between Canada and world-
posted prices, an adjustment was made
to reflect future revenues from product
sales in international markets. At the
end of 1980, this pricé differential
amounted to $20.25 per barrel.

The product prices and annual sales re-
venues for the four principal types of
coal conversion processes included in
the economic analyses are summarized in
Tables 5.2 - 5.5.

The SNG case has been calculated assuming

an export price of 0.159 $/m3'($4.50 per
1,000 cu. ft.)

The financial results of applying these assumptions to
the twenty-five cases are summarized in Tables 5.6 -
5.9A. For each case condisered there is a surplus of

revenues over operating costs (gross margin)}, these being
generally higher in the following classes of cases.

Process Type

Process Description

Direct Liquefaction H=Coal

Indirect Liquefaction:
Fischer-Tropsch Lurgi (Make Power)

Methanol
M-Gasoline

Lurgi (Make Power)
Lurgi (Make Power)

Such screening makes no allowance for assessment of pro-
ject risk, which requires that the margin on revenues be
assessed in relation to capital employed. However,this



Table 5.2

PRODUCT PRICES AND ANNUAL SALES REVENUES

DIRECT LIQUEFACTION PROCESSES

SRC~1 SRC-I1 H-COAL EDS
- Annual Annual Annual Annual
Daily Pro- Sales | Daily Pro- Sales Daily Pro- Sales | Daily Pro-  Sales
Products Unit Price| duction § million| duction $ million | duction $§ million] duction $ million

Naphtha $251.6/m3 - - 1,560 m3 130 3,105 m3 316 4,309 o> 358 .
Turbine fuel | $220.1/m’ - - - - 2,9% w213 2,665 > 194 &

Boiler fuel $188.7/m; -1,680'm; 105 6,480 a’ 404 1,631 o’ 102 1,471 n’ 92

Ammonia $200.0/t 125 ¢ 8 i60 t 11 160 t 11 190 ¢ 13

Sulfur $105.0/t 100 ¢ 3 175 't 6 175 t 210 t 7

Phenols $940.0/t 17 ¢ 5 ot 9 30t 36t 11

SRC solids | $ 24.0/a> | 40,000 > 317 - - - - - =

Sub-total 438 560 657 675

Adjustment " 334 334 334 334

Total Revenues 772 894 991 209

*
Adjustment for differential between Canadian and international market prices.
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Product Prices and Annual Sales Revenuas

FISCHER-TROPSCH SYNTHESIS

(a} Principal Products (all cases)
3 Unit Price Annual
Products m/4a t£/d volume 3 million
m3x106
Gasoline 4886 - 251.73 1.613 406
Jat Fuel 340 - 220.26 0.277 6l
Diesel 1574 - 201.38 0.519 105
Fuel 0il 120 - . 157.33 0.040 6
Mixed Alcchols $63 - 207.68 0.1886 39
C,-Cy ) - 108 144 - ]
Ethylene - 670 300 - 66
Ammonia - see (b) below 200 - see (b) below
Sulfur - gsee (b} below 108 - sea {b) below
688
Lurgi Luzrgi Lurgl & Lurgi &
Texaco | Koppers | Winkler | Sell Fines | Make Power | Texaco Koppers
{b) BSyproducts
Productiocon:
Ammonia (t/4) - - - 300 300 210 210
Sulfur (t/d) 225 230 230 150 150 175 175
Coal Fines (t/d) - - - 10,700 - - -
Electricity (MW) 100 - - - 73 - -
Revanues:
Ammonia - - - 20 20 14 14
Sulfur 8 8 8 4 4 5 5
Coal Fineas - - - 11 - - -
Electricity 20 - = - 14 - =
Total 28 8 8 55 38 19 19
(c) Total Revenues
Products 688 638 688 688 688 688 688
Byproducts 29 8 8 55 38 19 19
Adjustment* 334 334 334 334 334 334 334
Total 1,050 1,030 1,030 1,077 1,060 1,041 2,041

L ]
Adjustment for differential between Canadian and international market prices,



Table 5.4 Product Prices and Annual Sales Revenue

mnmumm:s
{a} Principal Products (all cases)
Annusl
t'@ $/t million tonnes $ million
Mathanol 13,979 207 4.6
Ammonia {a) 00 -
‘Sulfur (b) 105 -
Lurgi Lurgi Lurgi & Lurgi &
Texaco | Koppexrs | Winkler | Sell Fines | Make Power | Texaco Xoppers
{b} Byproducts
Production:
(a) Ammonia (t/d} - - - 300 300 210 210
(b) sulfur {t/4) 150 150 150 150 150 150 150
Coal Fine (t/4) - - - 7,342 - - -
Blectricity (MW) 78 - - - - - -
Ravenues:
Ammnonia - - - 20 20 14 bY |
Sulfur ] L] 5 5 5
Coal Fines - .- - 21 - - -
Elsctricity H - d _ g - -
Total 20 L 5 46 25 19 19
{c) Total Revenues
Mathanol 954 954 954 954 954 954 954
Byproducts 20 5 H 46 25 _19 19
Total 974 964 964 1,000 979 973 971




177

Table 5.5 Product Prices and Annual Sales Revenues

M - GASOLIME SYNTHESIS

Principal Products {all cases)

(a)
Annual
m/a $/m> million m> s million
Gasoline 7648 251.73 2.523 635
LPG 1318 125.87 0.435 55
Lurgi Lurgi Lurgi & Lurgi
Texaco | Koppers | Winkler Sell Fines | Make Power | Taxaco Koppers
{b} Byproducts
Production:
Ammonia (t/d) - - - 330 . 330 231 231
Sulfur (t/d) 170 17¢ 170 170 170 170 170
Coal Pines (t/d) - - - 8,843 - - -
Electricity (MW) 50 - - - 70 - -
Ravenues:
Ammonia - - - 22 22 15 15
Sulfur 6 6 6 6 6 6 6
Coal Fines - - - 25 - - -
Electricity 10 - = - 14 - -
Total 16 6 6 53 42 21 21
(c} Total Revenues
Gasoline 635 635 635 635 635 6135 635
LBG 55 55 55 55 55 55 55
Byproducts 16 6 6 53 42 21 21
Adjustment* 334 334 334 334 334 334 334
Total 1,040 1,03 1,030 1,077 1,066 1,045 1,045

-----h--ﬂ——--_

*
Adjustment for differential between Canadian and international market prices.
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Table 5.6 FINANCIAL SUMMARY

DIRECT COAL LIQUEFACTION

Capital

Revenues

Operating Costs

Raw Materials
Coal
Water
Chemicals & Catalysts

Sub-total

Labor & Overhead
Replacement

Total

Gross Margin

Start-Up Costs

Working Capital

$ million.

SRC-I SRC-II H-COAL EDS
2208 2208 2208 2760
772 894 991 909
126 126 126 151
4 4 4 5

12 15 28 28
142 145 158 184
55 55 55 55
66 66 66 83
263 266 279 322
509 628 712 587
20 36 48 50
50 50 51 51




Table 5.7 FINANCIAL SUMMARY

FISCHER - TROPSCH SYNTHESIS

Lurgi Lurgi Lurgi & Lurgl &
Base Case: Texaco Koppers Winkler Sell Finpes Max Power Texaco Koppers
- — = = = = = = $mpllion - = - - = = = == = = = - =
Capital (1) 4,416 4,796 3,657 3,738 4,347 3,968 3,968
Revenues (2) 1,050 1,030 1,030 1,077 , 1,060 1,041 1,041
Operating Cost:
Raw Materials: .

Coal (3) 231. 235 237 219 219 193 194
Electricity (4) - 20 30 89 - 62 71
Chemicals and Catalyst 13 13 15 10 10 12 12
Water (5) 8 8 7 7 8 7 7
Sub-total 252 276 289 325 237 274 284
Labor and Overhead (6) 70 70 70 70 70 70 70
Replacement (7) 132 144 110 112 130 119 119
Total Operating Costs 454 490 469 507 . 437 463 473
Gross Margin 596 540 561 570 623 578 568

Start-Up Cost 40 41 41 34 3% 39 39
Working Capital 69 73 62 62 67 62 62

(1) Base case no escalation.

(2) Include $334 million adjustment to reflect crude oil price increase from $17 75/b ‘te $38.00/b.

(3) Transfer price, as received at plant gate, 1s $10/t.

(4) Electric power cost supplied to the plant.is ¢2.5/kwh. Texaco and Lurgi (make power) export power at same rate.
(5) Water cost supplied at plant gate ¢37.4/m” ($1.70 per thousand gallons),

(6) Based on plant Labor of 900 workers. Overhead is 100% of labor cost.

(7) Based on 3% of Capital and includes an element for contract maintenance labor.

6L1




Table 5.8

Capital
Revenues

Operating Costs:

Raw Materials:
Coal
Electricity
Chemicals & Catalyst
Water
Sub-total

Labor and Overhead

Replacement
Total

Gross Margin

Start-Up Cost

Working Capital

FINANCIAL SUMMARY

METHANOL SYNTHESIS

Lurgi Lurgi
Texaco Koppers HinkLer Sell Fines Max Power
= - = = - - - - - $milldon -~ - - - - -
2,990 3,226 2,473 2,703 3,117
974 964 964 1,000 879
157 158 147 154 154
- 69 - 30 71 -
18 23 24 16 16
5 5 5 5 6
180 255 353 246 176
55 55 55 55 55
90 97 74 81 94
325 407 482 382 325
649 557 482 612 654
43 51 54 38 37
58 64 - 66 60 59

—

Lurgi & Lurgi &
Texaco Koppers
2,818 2,818
973 973
137 136

54 73

20 20

6 6

217 235

55 55

85 85

357 375
616 598

44 45

58 59

081




Table 5.9 FINANCIAL SUMMARY
M - GASOLINE SYNTHESIS
Lurgi Lurgi Lurgi & Lurgi &
Texaco Koppers Winkler Sell Fines Max Power Texaco Koppers
- - — - - - - - $million = = = = = = = & & & & = - - - - - - -
Capital 3,416 3,652 2,852 3,105 3,623 3,278 3,278
Revenues 1,040 1,030 1,030 1,077 1,066 1,045 1,045
Operating Costs:
Raw Materials:
Coal 166 168 159 171 171 149 148 oo
Electricity - 74 35 73 - 56 75 -
Chemicals & Catalyst 23 29 30 21 21 24 24
Water 4 4 4 4 5 4 4
Sub-total 193 _ 275 228 269 197 382 251
Labor & Overhead 62 62 62 62 62 62 62
Replacement 103 110 86 93 109 98 98
Total 358 447 376 424 368 542 411
Gross Margin 682 583 654 653 698 503 634
Start-Up Cost 52 62 63 46 46 57 54
Working Capital 64 73 61 68 67 77 66
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Table 5.9A Financial Summary
SNG Synthesis

Case Lurgi
Max. Power

Capital (1) $ 3105 million

$ million/year
Revenue (2) @ $4.2654/GJ 455

f
Operating Co#ts:

Raw Materials

Coal 126
Electricity 0
Catalyst and Chemicals 16
Water 4
Sub-total _ 146
Labor and Overhead 55
Replacement (3) 93
Total Operating Costs ‘ 294
Gross Margin 161
Start-up Cost 36
Working Capital 62

NOTES: 1) Base case, no contingency.
2) Based on plant labor of 700 workers,
overhead is 100 percent of labor costs.
3) Based on 3 percent of capital.
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becomes included in estimations of net present values.
Given the future needs of the Province of British Colum-
bia for light liquid fuels the H-Ccal process has an ad- .
vantage over the other direct liquefaction processes be-
cause it gives higher yields of light hydrocarbons than
the SRC-I and SRC-II processes and requires less capital
for a given yield than the EDS process.

In the cgse of the Indirect Liquefaction, the Lurgi pro-
cess is undoubtedly that having the greatest commercial
acceptance at the present time and has lower capital re-
quirements. The cases in which the fines are totally.
consumed within the battery limits to produce electric

power also provide the easiest solution to what would
otherwise be a very difficult and expensive disposal prob-
lem. It was therefore determined that these four processes,
each representing a different product slate of light ligquid
fuels, would be selected for further analysis to determine
the sensitivity of these results to variation in certain im-
portant variables on net present values. A computer program
was developed to examine the various combinations of changes
in the different variables. (See Appendix C)

The economics of manufacturing SNG were also estimated for

comparison with the data related to the liquefaction of coal.

Sensitivity Analyses

These analyses examine the effect of variation in capital
costs, sales revenues and interest rates on net present
value. The results are expressed in a series of tables
(Tables 5.10 - 5.14) and figures (Figs. 5.1 = 5.9). Inspec-
tion of the tables generates the following comments.

Tables 5.10 - 5.14 show the effects of increase in capital
costs and decrease in revenues on NPV at different interest
rates of 3, 6 and 10 percent. B.C. Hydro indicated that
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Takle 5.10 Effect of Variation in Capital Costs, Sales

Revenues and Interest Rates on Net Present Value

DIRECT LIQUEFACTION-E—COAL
{in millions of dollars)

NET PRESENT VALUE

CAPITAL COSTS SALES REVENUES OF GROSS MARGIN
(1) (1)

Total Change Total Change'™: 3% 6% 10%
2208 - 991 - 8487 3741 1068
2650  + 20% 991 - 7882 3270 693
3312+ 50% 991 - 6976 2558 139
4416  +100% 991 - 5469 1381 - 785
2208 - 892 ~10% 7009 2930 666
2208 - 793 -20% 5535 2117 258
2208 - 595 -40% 2583 490 - 551
2650  + 20% 892 -10% 6412 2457 288
2650  + 20% 793 -20% 4934 1643 - 114
2650 + 20% 595 -40% 1981 23 - 922
3312+ 50% 892 -10% 5499 1750 - 266
3312+ 50% 793 -20% 4027 93¢ - 670
3312+ 50% 595 -40% 1076 - 691 ~-1476
4416  +100% 892 -10% 3994 564 -1191
4416  +100% 793 -20% 2519 - 244 =-1596
4416  +100% 595 . -40% - 433 -1867 -2406

(1)from base case
* .
coal price is: $10/t at 3 percent interest rate
: $12/t at 6 percent interest rate
: $14/t at 10 percent interest rate
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Table 5.11 Effect of Variation in Capital Costs, Sales
Revenues and Interest Rates on Net Present Value

INDIRECT LIQUEFACTION-FISHER-TROPSCH
{in millions of dollars)

NET PRESENT VALUE

CAPITAL, COSTS SALES REVENUES OF GROSS MARGIN .
*
Total Change(l) Total Change(l) 3%* 6%* 10%
4347 - 1060 - 5177 1087 - 992
5216 4+ 20% 1060 - 3991 151 -1722
6521  + 50% 1060 - 2193 -1252 -2818
8694  +100% 1060 - - 778 -3575 -4642
4347 - 954 -108 3597 218 -1426
4347 - 848 -20% 2019 - 652 -1857
4347 - 636 ~40% -1142 -2389 -2724
5216 + 208% 954 ~10% 2413 - 715 -2154
5216  + 20% 848 -20% 833 -1586 -2585
5216 + 20% 636 -40% -2327 -3325 -3453
6521  + 50% 954 -10% 615 -2118 -3254
6521  + 50% . 848 -20% - 968 -2987 -3685
6521  + 508% 636 -40% ~4126 -4724 -4551
8694  +100% 954 -10% -2361 -4444 -5077
8694  +100% 848 -20% -3940 -5315 -5507
8694  +100% 636 ~40% -7099 -7052 -6347

(1} from base case
*
coal price is: §10/t at 3 percent interest rate
: 8§12/t at 6 percent interest rate .

: $1l4/t at 10 percent interest rate



Table 5.12 Effect of Variation in Capital Costs, Sales

Revenues and Interest Rates on Net Present Value

CAPITAL COSTS

Total Change

{1

3117

3740
4676

. 6234

3117
3117
3117

3740
3740
3740

46786
4676
4676

6234
6234
6234

(1)

*

+ 20%
+ 50%
+100%

20%
20%
20%

+ 4+ +

50%
50%
50%

++ +

+100%
+100%
+100%

from base case
coal price is:

INDIRECT LIQUEFACTION~-METHANOL

{(in millions of dollars)

SALES REVENUES

Total Change

NET PRESENT VALUE
OF GROSS MARGIN

979

979
979
979

881
783
587

881
783
587

881
783
587

88l
783
587

-10%
-20%
~40%

-10%
-20%
-40%

-10%
-20%
-40%

-10%
-20%
-40%

3

$10/t at 3 percent interest
$12/t at 6 percent interest
$14/t at 10 percent interest rate

*

3% 6% 108
6786 2469 130
5945 1804 - 390
4665 805 =1175
2527 - 864 -2487
5324 1663 - 268
3867 861 -~ 670

944 - 747 -1473
4485 1004 - 792
3024 201 -1191

107 -1408 -1993
3203 2 -1574
1743 - 803 =1973

-1175 -2407 -=2780
1068 -1665 -2887
- 393 -2471 -3288
~3314 -=4075 -4087
rate
rate
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Table 5.13 Effect of Variation in Capital Costs, Sales
Revenues and Interest Rates on Net Present Value

INDIRECT LIQUEFACTION - M-GASOLINE
(in millions of dollars)

NET PRESENT VALUE

CAPITAL COSTS SALES REVENUES OF GROSS MARGIN

* T *
Total Change(l) Total Change(l) 3% 6%* 10%
3623 - 1066 - 6970 2375 - 85
4348  + 20% 1066 - 5980 1609 - 689
5435 + 50% : 1066 - 4490 439 -1608
7246  +100% 1066 - 2013 -1497 -3123
3623 - 959 -10% 5372 1496 - 523
3623 - 848 -20% 3715 590 - 974
3623 - 640 -40% 615 -1116 -1826
4348 + 20% 959 -10% 4383 731 -1128
4348  + 20% 848 -20% 2732 - 179 -1582
4348 + 20% 640 -40% - 368 -1885 -2433
5435 + 50% 959 -10% 2893 -~ 442 =-2043
5435 + 50% ) 848 -20% . 1238 -1347 -2497
5435 + 50% 640 -40% -1857 -3054 -3348
7246  +100% 959 -10% 419 -2373 -3558
7246  +100% 848 -20% -1234 -3282 -4012
7246  +100% 640 -40% -4331 -4988 -4864

(l)from base case

* coal price is: $10/t at 3 percent interest rate
: $12/t at 6 percent interest rate
$14/t at 10 percent interest rate




Table 5.14
Capital
Costs
Total Charge
3105 -
3726 + 20%
4658 + 50%
6210 +100%
3105 -
3105 -
3105 -
3726 + 20%
3726 + 20%
3726 + 20%
4658 + 50%
4658 + 50%
4658 + 50%
6210 +100%
6210 +100%
6210 +100%

(1)

Effect of Variation in Capital Costs,
Sales Revenues and Interest Rates

on Net Present Value - SNG Synthesis
Export Selling Price of $4.2654/GJ

(millions of Dollars)

Sales
Revenue

Total Charge

455

455
455
455

410
364
273

410
364
273

410
364
273

410
364
273

(1) from base case

* coal price is $10/t at 3% interest rate
’ §12/t at 6% interest rate
$14/t at 10% interest rate

-10%
-20%
-40%

~10%
-20%
-40%

-10%
-20%
-40%

-10%
-20%
-40%

Net
*

3%
- 543

-1403
-2674
-4792

-1213
~1905
-3226

-2609
-2757
-4083

=3345
-4030
~5338

-5463
-6120
-7477

Present Value
*

6%
-1513

-2179
-3177
-4621

-1881
-2258
-2977

-2550
-2923
-3645

-3547
-3896
-4642

-5175
-5550
~6300

%*

10%
-1825

-2346
-3130
-4429

-2005
-2195
-2537

-2533
-2710
-3066

-3314
-3473
-3848

-4585
-4773
-5147
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these changes in interest rates would also affect the
cost of coal delivered to the battery limits, as detailed
at the base of each table.

Capital costs were increased by 20, 50 and 100 percent.
Revenues were decreased by 10, 20 and 40 percent. No
account has been taken of changes more favorable than
the base case.

The predominant effects of interest rates on overall
project economics is summarized in Table 5.15 which
shows the effect of higher interest rates on NPV

for the four processes at base capital costs and
sales revenues; and for the assumed worst cases in
which estimated capital costs are doubled and sales
revenues reduced by 40 percent.

Table 5,15 Effect of Interest Rate on Net Present
Vvalues of Gross Margin

{millions of dollars)

3 6 10
Process Case Percent Percent Percent

H-Coal Base 8487 3741 1068
Worst - 433 -1867 _ -2408

M-Gasoline Base 6970 2375 - 85
Worst -4331 -4988 ~4864

Methanol Base 6786 2469 130
Worst -3314 -4075 -4087

Fischer-Tropsch Base 5177 1087 - 992
: Worst ~-7099 -7052 -6347

SNG (Export) Base - 543 -1513 -1825

Figures 5.1 - 5.4 show NPV at a fixed 3 percent interest

rate for variable capital costs and sales revenues.
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Figures 5.5 - 5.8 show NPV at fixed sales revenues but
variable interest rates and capital costs.

Figure 5.9 shows the effects of interest rate variations
alone on NPV, capital costs and sales revenues being fix-
ed at the base case for all four selected processes.

For each figure and set of conditions the break-even point
is represented by the abscissa at zero NPV, In Figures
5.1 - 5.4 the various levels of capital costs are repre-
sented by vertical dotted.lines. In Figure 5.9 the verti-
cal dotted lines represent the interest rates set at 3, 6
and 10 percent.

N.B. In interpreting the results in these tables
and figures it must be borne in mind that
the financial analysis employed does not make
provisions for taxation of rates applicable to
Canadian corporations and does not allow for
depreciation.

With this provisco, the results indicate that the finan-
cial viability of the selected processes may be ranked

H-Coal
Methanol
M~Gasoline

. Fischer-Tropsch.

In the case of SNG the results show that, even based on
current natural gas export prices, an investment in SNG
would incur substantial negative net present values over
the whole range of parameters considered. If current do-
mestic gas prices are used, even larger losses would re-
sult. The manufacture of SNG is not an economically viable
option at the present time. This situation could change in
the future if the prices of natural gas escalated at a rate
greater than future escalations in o0il prices.
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ENVIRONMENTAL CONSIDERATIONS

General Remarks

Coal conversion processes are faced with potential pollu-
tion problems that are common to coal burning power plants
and with possible pollution problems which are peculiar to
the conversion processes. Due to the relative lack of ex-
perimental data and full scale coal conversion operating
experience, relative environmental impact of such processes
compared with the impact produced by a coal fired power
plant is difficult to assess. The very nature of most coal
conversion systems, including the utilization of sulfur re-
covery systems and the implementation of zero-discharge ligquid
waste treatment systems, assures the probability that some
potential effluent streams will be reduced in size when com-
prared to a power plant; however, the large numbers of chemi-
cal products and wastes produced by these systems provide

- potential for a variety of undesirable impacts which are not

fully understood at this time.

For the assessment of environmental considerations, data
availability and process similarities resulted in the cate-
gorization of ccal conversion processes into three general
groups; Low Temperature Gasification, High Temperature Gasi-
fication and Direct Liquefaction. The division of gasifiers
into two groups is primarily related to the production of
phenols, 0ils and tars during reaction. The raw product gas
from Low Temperature Gasifiers contains significant quanti-
ties of these constituents as well as other organics and
these components eventually appear in process waste streams.
The presence of these compounds adds complexity to the water
treatment facilities required. High Temperature. Gasifiers
produce few organic contaminants and water treatment require-
ments are considerably simplified.



Due to operational experience and data availability, the

assessment of Low Temperature Gasification was based entire-
ly on the Lurgi process while the High Temperature Gasifier
analysis was based primarily on Koppers-Totzek data. The
results, however, should also be generally applicable to

the Texaco and Winkler processes. Process differences
which are significant relative to environmental assessment
are identified and discussed.

The assessment of Direct Liquefaction processes is related
to solvent hydrogenation technologies since pyrolysis/hydro-
carbonization technologies were not considered viable (See
Section 2), Scolvent hydrogenation technologies are simi-
lar, from a process viewpoint, and waste stream compositions
should be comparable although there may be variations in
concentration and guantity. Consequently, the conceptual
control technologies can basically be established generically
for solvent hydrogenation processes. Because of data avail-
ability, the Direct Liquefaction assessment is based on the
H-Coal and SRC-1II processes. The results should, within the
accuracy of available information, be also applicable to the
Exxon Donor Sclvent process.

In general, for the indirect production of coal ligquids uti-
lizing either high or low temperature gasification processes,
the "add-on" synthesis facilities are environmentally clean
in comparison with the gasification processes which preceed
them. Vented gaseous emissions and contaminated bottoms and/
or condensate streams would be relatively small in quantity
and could be combined with comparable streams generated in
the gasification process for subsequent treatment. A lack
of available data precludes definitive assessment.
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In this Study, and in order to facilitate technical

and economic comparisons, each coal conversion pro-

cess considered is based on the production of 316.5TJ/d
of useful conversion products, i.e., equivalent to ap-
proximately 50,000 barrels/day of liquid products or

3663 Mw;. The particular coal feed rates will then
reflect process efficiencies; and for the three cate-
gories of conversion processes considered, are summarized

in Table 6.1.

All references to plant size which follow are referable
to this common base.

An assessment summary is provided in Section 6.6 which in-
cludes a comparison with a conventional coal-fired power
plant using 40,500 t/d of coal, as described in the Hat
Creek Project Environmental Impact Statement [Ref. 102].
Although the comparison provides an instructive view of
relative impacts in the vicinity of the plant, it is im-
portant to point out that consumption of the products of
a coal-conversion plant will occur in a much larger geo-
graphical area and will provide environmental impacts
which will be significantly different from those associ-
ated with the consumption of electric power.

Applicable Standards

At the time of report preparation, British Columbia had
not formulated specific environmental standards directly
applicable to coal-conversion technologies. Discussions
held with Ministry of Environment personnel in October
1980 indicated that the development of such standards has
just recently been considered and that it would be several
years before promulgation.




Table 6.1 Coal Feed Summary

Coal Feed (t/4)

Process
Boilers

Dryers

Total

Residues

Koppers-

Methanol

42,960
3,000

2,070

48,930

Lurgi-
Fischer-Tropsch

41,890
23,560

945

66,395

Direct
Liquefaction

33,455
3,000
_1,640

38,095

9,900

£0¢




6.2‘1

204

It was consequently decided that the "Pollution Control Ob-
jectives for the Chemical and Petrcleum Industries of British
Columbia" [Ref. 72] would be used to determine control levels
and for compliance assessments. Although none of the coal con-
version processes are spécifically described by the Pollution
Control Objective guidelines of British Columbia, coal conver-
sion processes are sufficiently similar to the chemical and
petroleum industry that extrapolation of the objectives for
those industries to the coal conversion industry is a reason-
able approach. The Director of Pollution Control Branch may
establish other minimum requiréments, if it is determined that
extrapolation is not suitable.

Air Emissions

Table 6.2 presents the air emission objectives which may

be applicable to coal conversion technologies and associ~
ated steam generation facilities. Level A objectives are
applicable to new facilities. The Pollution Control Objec-
tives [Ref. 72], with respect to specification of contfol
technologies,require the use of smokeless flares and the
following emission reduction facilities associated with
petroleum product storage vessels having capacities greater
than 54,000 imperial gallons (~250 m°):

Vapor Pressure Requirements

< 10.5 kPa (1.52 psia) Conservation vent
10.5 - 76.5 kPa Floatiﬁg roof
> 76.5 kPa (l11.1 psia) Vapor recovery system

Other general standards require minimization of cooling
tower hydrocarbon emissions, elimination of nuisance odors,
and control of sulfur dioxide emissions during sulfur plant
catalyst bed regeneration.
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Table 6.2 Level A Objectives for Air Emissions

Applicable to Cocal Conversion Processes

Sulfur Plant
Sulfur recovery, % (a)

Sulfur dioxide, mg/m3 (ppm) (b)

Cverall Refinerv . '
3 : .
Sulfur trioxide, mg/m~ (gr/SCF) (b)

Fluid Catalytic Cracking Unit
Particulate solids, mg/m3 (gr/SCF)} (b)
Hydrocarbons (as Hexane) -

mg/m3 (ppm) (b)

g/m3 cracking feed
Carbon monoxide, mg/m3 (ppm} (b)
sulfur dioxide, mg/m3 (ppm) (b)

Steam Plant
Particulate solids, mg/m3 (gr/SCF) {b) (c)
Sulfur dioxide, mg/m3 (ppm) (b)

Sulfur Recovery - Percent

Acid gas coz/st ratio lower than 10
Acid gas COZ/HZS ratio higher than 10 (4)

99+
830 (300)

25 (0.011)

115 (0.050)

90 (25)

57
2,400 (2,000

830 (300)

150 (0.065)
830 (300)

99
95

(a) Total sulfur recovered from refinery fuel gases.

(b) mg/m3 at ZOOC, 760 mm Hg, dry basis.

{c) Corrected to 12 percent carbon dioxide.

(d) Individual assessment may be required.
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Table 6.2 (cont'd)

Substance Level A (a)
Acetaldehyde 3.8 (2.1)
Acrolein 2.5 {(1.0)
Alkanolamines 60

Ammonia 180 (250)
Benzene 800 (250)
Carbon monoxide 2,400 (2,000)
Cobalt 7.0 (0.003) (b)
Copper 7.0 (0.003) (b)
Cresol 220 (50)
Dimethyl ether 190 (100)
Diphenyl 10 (2)
Formaldehyde 30 {20)
Formic acid 90 (50)
Hydrogen sulfide 7 (4.7)
Maleic anhydride 10 (2.5)
Mercaptans (c)

Methanol 2,600 (2,000)
Methyl ethyl ketone (2-butanone) 900 (300)
Methyl Isobutyl Ketone 2,050 (500)
Organic disulfides 4

Particulate solids -
Total )
Organic chemical dust

230 (0.100) (b}
115 (0.050) (b)

Phenol 100 (26)
Phthalic anhydride 120 (20)
Styrene 200 (47)
Toluene 3,750 (1,000)
Vinyl acetate 30 (10)

(a) Concentrations given in milligrams per cubic meter
(20 C, 760 mm Hg, dry basis) and in parentheses,
parts per million by volume.

{b) Concentrations in parentheses are given in grains
per standard cubic foot.

Source: [Ref. 72].



6.2.2 Liquid Effluents

6.2.3

Table 6.3 presents the applicable effluent-quality objectives.
Level A objectives would be applicable. These effluent stan-
dards are based upon maximum control of losses and reduction
of wastes through recovery and recycling. Separate sewer
systems should be maintained for uncontaminated and waste
water streams. Cooling towers or air-fan coolers are strong-
ly recommended for thermal pollution control.

Where plausible, effluent streams should be combined so that
only a single discharge point is necessary. Overall, the
waste treatment system should be designed to eliminate toxi-~
city and reduce gross emissions. The utilization of the
"zero discharge" concept for the development of environ-
mental controls essentially eliminates the need for liquid
effluent compliance determinations. The reuse of liquid
wastes, however, will result in an increased concern asso-
ciated with the handling and disposal of various solid

waste streams such as ash/slag which come in contact with
the recycled liquids and evaporator residues.

S0lid Wastes

As stated in the Pollution Control Objectives [Ref. 72],
"Progressive objective levels have not bheen specified for
the disposal of industrial refuse” due to the dependence of
disposal requirements on plant and site specific conditions.
General guidelines require the protection of ground and
surface waters. Sludges should be neutralized and dewatered
prior to disposal. Thixotropic sludges require stabilization
prior to landfill. Soil cultivation or ground spraying is
permitted for biological sludges, however. According to
Ministry of Environment personnel, the disposal of poten-
tially toxic and hazardous wastes would be handled under




Table 6.3

Effluent—quality Objectives for Chemical Industries Other Than Petroleum Refineries

Pischarges to Marine Waters Discharges to Fresh Waters
Monitoring
Level A Level B Level C Level A Level B Level C
0il, nonvolatile, mg/l {a) - 10 15 - 10 15 Daily compoBite, once per week
0il, total, mg/l 10 - - 5 - - Daily composite, once per week
BOD, five-day, 20°C, mg/l 20 45 130 20 45 130 COD or TOC once per week, BOD checked quarterly
Ammonia, as N, mg/l 10 15 15 10 15 15 Daily composite, once per week
Nitrates, as N, mg/1 10 50 50 10 50 50 baily composite, once per week
Total nitrogen, mg/l {kjeldahl) 15 25 25 15 25 25 Daily composite, once per week
Chlorate, mg/l 75 150 150 50 100 100 Daily composite, once per week
Chloride ion, mg/l (b) - - - - - - Daily composite, ohce per week
Chlorine, residual, mg/1l 0.2 0.5 1.0 0.2 0.5 1.0 Continuous
Fluoride, mg/1 2.5 10 15 2.5 10 15 Daily composite, once per week
Formaldehyde, mq/l 5 5 10 5 5 10 Daily composite, once per week
Metals (total}
Arsenic, trivalent, mg/l 0.05 0.05 0.08 0.05 0.05 0.05 Daily composite, once per month
Barium, mg/l 1.0 1.0 1.5 1.0 1.0 1.0 Daily composite, once per month
Boron, mg/l 15 15 15 10 10 10 Daily composite, once per month
Chromium, mg/1l 0.2 0.2 0.2 0.2 0.2 0.2 Daily composite, on¢ge per month
Copper, mg/l 0.1 0.1 0.1 0.1 0.1 0.1 Daily composite, once per month
Lead, mg/l 0.2 0.2 0.2 0.2 0.2 0.2 Daily composite, once per month
Mercury, mc/l 0.002 0.050 0.050 0.002 0,050 0,050 | Daily composite, once per month ')
Nickel, mg/1l 0.2 0.2 0.2 0.2 0.2 0.2 Daily composite, once per month o
2inc, mg/l 0.2 0.2 0.3 0.2 0.2 0.2 Daily composite, once per month 0o
Phenols, mg/l 0.2 0.3 1.0 0.2 0.3 1.0 Weekly gqrab
Phosphate, as P, mg/l - - - 1.0 10 30 Daily composite, once per week
Sulphate, mg/l (b) - - - - - - Daily composite, once per week
Urea, mg/l 2.0 2.0 2.0 1.0 1.0 1.0 Daily composite, once per week
Sulphides, mg/l 0.10 0.10 1.0 0,10 0.10 1.0 Weekly grab
Cyanide, mg/1l . 0.10 0.10 0.20 0.10 0.10 0.20 , | Wweekly grab
Suspended solida, mg/l (c) 20 20 30 20 20 30 Daily composite, once per week
Settleable solids, mg/l (¢) <0.5 <3.5 <0.5 <0.5 <0.5 <0.5 Daily composite, once per week
Floatable solids {4} {d) {d) 1) {d) {d) Daily observation
Total solids, mg/l {e) 3,000 3,000 3,000 1,500 1,500 1,500 Daily composite, once per week
Colour, Pt Co Units at pH 7 20 20 30 15 15 20
Turbidity, JTU 15 15 25 10 10 15
Temperature, *C maximum 32 32 32 32 32 "32- Continuous
pH 6.5-8.5 6.95-9.0 | 6.5-9.0 6.5-8.5 6.5-8.5 6.5-9.0 Cont inuous
Toxicity (f) 50 45 25 100 90 50 Quarterly
{a) For discharge of once-through cooling water used for indirect cooling (heat exchangers, bearings, etc.) the maximum permissible oil

concentration is 2 mg/l above background.

{b) While the importance of these characteristics is recognized, no limits have been established at this time.

{c} Not applicable to discharges to exfiltration ponds.

{d} HNegligible

{e} Depends upon the nature of solids other than normal marine composition.

(f) 96 hour Tlm Bioassay on salmonid species, expressed as per cent by volume of effluent in receiving-water which is required to give
S0 per cent survival over 96 hours.

Source: [Ref., 72]




209

normal permitting procedures, but would require assessment
on a plant/site specific basis.

Steam Generation

All coal conversion processes requiré boilers for the genera-
tion of steam to meet process requirements and for the pro-
duction of power (if not imported). For the purposes of
assessment, coal fired boilers have been assumed although

it is recognized that more detailed study may show distinct
advantages associated with the utilization of certain by-
product streams as boiler fuels. For the assessment of
Lurgi-based systems, the screened fines will be utilized as
boiler fuel. All other analyses assume utilization of Per-
formance Blend coal.

The boiler "package," including makeup water treatment and
gaseous/liquid/sclid waste treatment systems, can be en-
vironmentally investigated almost independently of the
associated coal conversion facility. Except for the pro-
vision of makeup water and the combination of solid waste
Streams prior to transport to the disposal facility, very
little waste stream integration is required. Integration
would become more complex, however, with the utilization of
coal conversion byproducts as fuel or if sulfuf removal/
recovery facilities were to be combined with systems used
in the coal conversion process.

power) alternative case which requires the largest boiler
capacity, the estimated coal feed rate required for steam
generation, a breakdown of makeup water requirements and
solid wastes generated, and a comparison of gaseous emis-
sions with applicable standards. The basis for derivation
of the various projections is provided in following dis-
cussions. N

@

Table 6.4 presents, for the Lurgi-Fischer-Tropsch (maximum l
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Table 6.4 Example of Steam Generation

Operating Characteristics for the

Lurgi-Fischer-Tropsch Case using Hat Creek Coal

Coal Feed (t/d) 23,560

Steam (t/h) 2,940 ;

Makeup Water (t/d4)

Bottom Ash 1,560
Fly Ash 1,400
Scrubber 7,070
Total 10,030

Particulate Emission - (mq/m3)*

Standard 150
Uncontrolled 60,000
Percent Removal Required 99.75

SO2 Emissions - (mg/m3)*

Standard 830
Uncontrolled 1,750
: Percent Removal Required 53
Solid Wastes (Wet) - (t/4)
Fly Ash 6,990
Bottom Ash 2,500
Scrubber Sludge 480
Total . 9,970

*mg/m> at 20°C, 760 mm Hg, dry basis
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Gaseocus Emissions

Untreated boiler flue gas is potentially the most significant
gaseous emission associated with conversion processes. How-
ever, conventional control technology is well proven and cap-
able of reducing controlled pollutants to levels which are
considered environmentally safe. For assessment purposes,
electrostatic precipitators with a removal efficiency of
99.75 percent have been assumed for removal of particulates.
Tests conducted for British Columbia Hydio and Power Author-
ity by Southern Research Institute, which investigated fly
ash emission concentrations and rates, particle size, and
resistivity, determined that electrostatic precipitation was
viable for Hat Creek Coal fly ash [Ref. 69]. Precipitator
costs would vary from $125 million (1980) for the Lurgi maxi=-
mum power alternative to approximately $20 million (1980) for
boilers sized just for generation of on-site steam require-

' ments and emergency power.

Wet nonregenerative scrubbers have been incorporated into the
boiler design for sulfur dioxide removal and sized on the ba-
sis of meeting Provincial standards. For emission calcula-
tions, air flow rates were based on an assumed boiler rating
of 0.4 kg/MJ (includes 15 percent excess air). It was also
assumed that gases exiting the scrubber were heated to 80°C
to achieve better plume rise and dispersion. Scrubber costs
would vary from $60 million (1980) for the Lurgi maximum
power alternative to $10 million (1980) for the no-export
power boilers.

Liquid wWastes

Major potential waste streams associated with boiler opera-
tion are bottom ash quench and sluice water, the recircu-
lation lime or limestone solution used for sulfur removal
in the wet nonregenerative scrubber, and boiler blowdown.
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Consistent with the maximum reuse philosophy utilized with
the coal conversion process facilities, waste stream recycle
is thoroughly implemented resulting in a zero discharge
system as indicated on Figure 6.1. The following discussions
describe the liquid waste controls shown.

Scrubber solution, following reaction, is directed to con-
ventional solids separation and sludge dewatering facilities.
Recovered water will be returned to the scrubber system.

Some water will be lost with flue gas emissions and with the
sludge sent to disposal which would contain approximately

50 percent water by weight. Based on water~loss-estimating
procedures contained in Ref, 64, it is projected that total
makeup water requirements for boiler operation will be about
0.3 kg/kg coal.

The bottom ash quench and sluicing system will also be a
recycle system, Water will be required for ash quenching,
boiler seals, and for intermittently sluicing ash from the
hoppers to solids separation and sludge thickening/dewatering
facilities. Recovered water would be recycled. Water losses
include quench evaporation, which is estimated to be 0.5 kg
water/kg ash [Ref. 64], and moisture entrained in the de-
watered ash which will contain about 25 percent (by weight)
water,

Boiler blowdown, required to maintain dissolved and suspended
solids concentration at levels required for reliable boiler
operation, will be recycled to the boiler makeup water de-
mineralizer reducing raw water regquirements, It is conser-
vatively estimated that boiler blowdown will be about 1 per-
cent (by weight) of steam flow.

Miscellaneous waste streams include regeneration wastes from
the boiler makeup water demineralizer and the condensate
polisher. These streams, following neutralization, will be

9T
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stored in a wastewater holding pond and could be used as
scrubber makeup water. Other waste streams, generally inter-
mittant in nature, include boiler cleaning/equipment wash
waters, localized area runocff, and floor/equipment drains.
These streams, following oil separation where appropriate,
will be collected in a sump. Following treatment in a sedi-
mentation basin, the streams will be neutralized and combined
with the neutralized water treatment regeneration wastes in

a holding pond. Sludge collected in the sedimentation basin
will be dewatered with the liquid effluent recycled back to
the basin.

Solid Wastes

Solid wastes generated as a result of boiler operation in-

clude scrubber sludge, fly ash, bottom ash, and relatively
small quantities of sedimentation basin sludge.

For the purpose of assessment, it has been assumed that the
use of Hat Creek coal will result in a bottom ash/fly ash
split of 25 percent/75 percent respectively. For the de-~
termination of sgolid waste quantities associated with ash
collection, no allowance has been made for combustibles
collected with the ash. Typical ash analyses for Hat Creek
coal are presented on Tables €.5 and 6.6. Examination of
these tables show that the elements silicon, aluminum and
iron comprise approximately 90 percent of the total ash.
Calcium, magnesium, titanium, manganese, sodium, potassium,
phosphorus and sulfur comprise an additional 6-8 percent.
Based on the trace elements analyzed, they would comprise-
less than 1 percent of the total ash.

Fly ash will be conditioned with water for dust control

‘during transport and to achieve higher compaction densities.

The moistened fly ash will contain about 20 percent water.
As previously stated, the dewatered bottom ash will contain
about 25% water.

W



Table 6.5 Hat Creek Coal — Ash Analyses

Fly;Ash Analyses

Silicon dioxide
Aluminum oxide

Iron oxide

Calcium oxide
Magnesium oxide
Titanium oxide
Manganese oxide
Mclybdenum trioxide
Chromium oxide
Nickel oxide
Vanadium pentoxide
Sodium oxide
Potassium oxide
Phosphorus pentoxide
Sulfur trioxide
Others

Total

Source: [Ref. 69]

Percent

55.09
26.48
6.60
1.85
1.40
1.21
0.40
0.01

0.36
1.12
0.18
0.02

5.28

100.00

Bottom Ash Analyses

Silicon dioxide
Aluminum oxide

Iron oxide

Calcium oxide
Magnesium oxide
Titanium oxide
Manganese oxide
Molybdenum trioxide
Chromium oxide
Nickel oxide
Vanadium pentoxide
Sodium oxide
Potassium oxide
Phosphorus pentoxide
Sulfur trioxide
Others

Total

Bercent

56.54
23.02
10.21
2.14
1.59
1.18
0.13
0.02

-

0.47
0.91
0.17
1.06

2.56

100.00
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Table 6.6

Source:
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Hat Creek Coal - Ash Trace Element Analyses

Trace
Element

Hg
F

As
Se
Be
B

cd
Cr
Cu
Pb
Mn
Mo
Ni
Sr
U

v

Zn

[Ref.

69]

Mean Concentration

(mg/kqg)
Bottom Ash Fly Ash
0.14 0.06
73 104
5.4 89
13.2 19.1
0.96 1.9
29 88
0.74 1.1
164 251
>678 948
12.6 57
=854 692
8.2 13.8
55 107
380 >503
9.6 16.5
>564 =703
58 >364
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It is estimated that for wet non-regenerative scrubbers
utilizing lime or limestone, solids generation will be ap-
proximately 5.5 kilograms of solid per kilogram of sulfur
removed [Ref. 64]. Dewatering facilities will reduce the
sludge moisture content to approximately 50 percent. It
may be desirable to mix fly ash with scrubber sludge in a -
stabilization process pfior to disvosal in order to achieve

- increased landfill stability. All solid wastes will be dis-

posed of @n a contained solid waste disposal facility as
discussed in Section 6.4.3 (iv).

Coal Conversion Processes

Liquid Wastes

Because of the complexities associated with handling cocal
conversion wastewaters and anticipated licensing difficul-
ties in permitting discharges, integrated wastewater treat-
ment schemes which maximize reuse and minimize effluents
have numerous advantages over "treatment for discharge"
schemes. These advantages include reduced water treatment
costs (it is more economical to treat for process recycle
than to treat for discharge to the environment), smaller
raw water requirements, and avoidance of licensing problems
associated with meeting present and future environmental
standards.

For the development of integrated treatment schemes, liquid
waste streams should be combined, where possible, prior to
treatment in accordance with their pollutant characteristics.
For coal conversion waste waters, three general categories
can be established consisting of "clean" streams (boiler
blowdown, uncontaminated condensates); organic wastewaters

4
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Igas cooling and scrubbing liquids, foul condensates, oily
runoff, and sanitary wastes); and low quaiity waters charac-
terized by high solids' concentrations (gquenches/slurries,
brines, and sludges).

It is noted that several waste streams, with respect to
composition, are basically conventional and would be found

in all conversion processes or in a coal-fired power plant.
These waste streams include raw water treatment sludges,
boiler blowdown, runoff, and sanitary treatment wastes.
Cooling tower blowdown is not included in the categorization
since its composition is dependent upon the gquality of make-
up and the cycles of concentration associated with the cooling
system.

In order to economically implement a zero-discharge system,
it is imperative that major waste streams be integrated.
Foxr coal conversion plants, the major streams are process-
originated wastewaters (foul cohdensates and gas cooling/
scrubbing waters), cooling tower blowdown, and ash guench/
slurry étreams.

Integration of these streams reqguires that process-originated
wastes be treated to a level suitable for use as ceooling
tower makeup, which is required to replace evaporation, drift
and blowdown losses. Cooling tower blowdown could be used

to replace ash or slag guench evaporation losses or for
slurrying gasifier solid residuals, fly ash conditioning,
scrubber makeup; and direct contact gas cooling. The ash/
slag quench and slurry waters would be recycled following
solids separation and dewatering. Conceptual diagrams show-
ing primary system integration and principal systems .for the
three coal conversion categories are shown in Figures 6.2,
6.3 and 6.4.
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The following discussions identify, for each process cate-

gory, major and minor waste streams. Stream integration and
associated treatment requirements are also described and
conceptual water balances associated with major stream reuse

and recycle are discussed.

(1)

Low Temperature'Gasification (see Figure 6.2)

As breviously stated, Low Temperature Gasification is
characterized by the production of phenols, cils and
tars. These contaminants are removed from the gas
product stream during cooling and shift processes and

are contained in the contaminated gas liquor stream.

This stream is characterized by high BOD and COD con-
centrations due to high levels of dissclved and suspended
organics. The inorganic components of the gas liquor
consist primarily of ammonia and bicarbonate with
smaller quantities of sulfur compounds, thiocyanate,
cyanide, chlorides and trace elements. [Ref. 57,

p. 119=121] Contaminated gas liguor is the major

stream originating in the process and extensive treat-
ment is required if this waste is to be reused as
cooling tower makeup. Projected water quality character-
istics are shown on Table 6.7.

Primary treatmeﬁt of the contaminated gas liquor would
consist of tar and oil separation with the treated ef-
fluent going to a phenol recovery system such as the
Lurgi-proprietary Phenosolvan process. Extraction re-
coveries for coal gasification ligquors of 99.5 percent
for monchydric phenols, 60 percent for polyhydric
phenols, and 15 percent for other organics are reported
[Ref. 58, p. 255].
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Table 6.7 Lurgil Process Water Analysis -

Location*
Constituent 1 2 3
BOD 7200 2070 8
CoD 13000 5220 400
TDS 1884 - -
TSS 4676 125 5
Phenol _ 3100 410 1
Cyanide 8 5 0.6
Thiocyanate ‘260 260 5
Ammonia 13600 80 0.9
Sulfide 506 10 0.06
0il 21000 500 1

*Location 1 - prior to 0il separation/phenol extraction
Location 2 - prior to biological treatment
Location 3 - after biological treatment

All values in mg/1l

Source: [Ref. 58]

e e
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'Following phenol extraction, the gas liguor would be

steam stripped for the removal of dissolved gases; prin-
cipally NH,, st, co, and HCN. The ammonia would be
recovered separately and the residual gases would bhe-
sent to sulfur recovery facilities. Because the liquor
feed is high in Co, ., either the Lurgi-proprietary (Linz-
Lurgi) or the Chevron WIT stripping process could be
utilized. Characteristics of clean gas liquor are

shown on Table ‘6.7. Residual levels as low as 50 mg/1l
and 5 mg/l for ammonia and hydrogen sulfide, respective-
ly, are reported as achievable [Ref. 57, p. 1771. How-
ever, stripping must be controlled in order to leave suf-
ficient nitrogen relative to biological treatment nutri-
ent requirements. The combined extraction/stripping
processes could result in about 90 percent removal of
COD, 96 percent removal 0f total phenols, 95-98 percent
removal of ammonia and 95 percent removal of hydrogen
sulfide depending on system operation and optimization.

It is estimated, based on operational experience and
considerations of coal moisture and steam requirements,
that the quantity of clean gas liquor produced would
approximate 0.85 kg/kg coal [Ref. 57, p. 119]. As
indicated on Table 6.7, this stream still contains a
high organic loading and would reduire bioclogical oxi-
dation prior to reuse as cooling tower makeup. Little
data exists with respect to the biodegradability of
clean gas liquors. Experience with refinery and coke
plant wastewaters indicates that BOD/COD removal effi-
ciencies of 65-95 percent are achieved, [Ref. 57,

p. 180].
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For conceptual purposes, a two-stage activated sludge
treathent process has been assumed as shown on Figure
6.5. The biclogical sludges would be thickened and
dewatered, stabilized by aerobic digestion, and filtered
prior to transport to solid waste disposal facilities.
The treated gas liquor would be used as makeup to the
cooling system significantly reducing raw water require-
ments. Anticipated water quality following treatment

is shown on Table 6.7. The total cost (1980 $) for
treatment of the gas liquor waste stream from tar/oil
separation through biological treatment, including sludge
dewatering and stabilization, is estimated to be approx-
imately $90 million.

Integration of the cooling system intoc the waste treat-
ment scheme provides for system control and balance.
Both the quality and quantity of cooling tower blowdown
are controllable variables. Blowdown gquantity can be
reduced by increasing the cycles of concentration. 1If
increased concentration factors result in scaling, pre-
cipitation, or materials' problems, additional treatment
can be provided as required to alleviate such situations.

Additional treatment may also be required to prevent
the buildup of trace elements and nonbiodegradeable
organic constituents to levels considered toxic or
hazardous. Additional treatment steps could include
polishing of the biologically treated process waste
waters with powdered activated carbon and raw water
softening.
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Cooling tower blowdown would optimally be used to re-
place gasifier, boiler and dryer ash system water los-
ses and for scrubber makeup. Steam generation system
water requirements relative to ash handling and scrub-
ber systems were previously discussed (Section 6.3.2}.
Coal dryer water utilization relative to ash handling
and scrubber systems would be proportional. The gquan-
tity of water required to quench the gasifier hot ash
is highly dependent upon gasifier operation, coal char-
acteristics, and ultimately on the resulting ash proper-
ties. It is anticipated that approximately 0.5 kg
water/kg ash will be evaporated during ash quench. The
ash slurry would be dewatered to a moisture content of
25 percent. Moist ash would be sent to the solid waste
disposal facility while extracted water would be re-
cycled. Consequently, overall water loss associated
with ash handling would approximate 0.83 kg/kg ash.

A summary of water utilization including system water
losses and treated wastewater available for process re-
cycle is provided on Table 6.8.

Assuming a rejected heat duty of 158 x 10° M3/d (1829 MW,)

for the Lurgi-Fischer-Tropsch maximum power alternative,
the annual average cooling tower evaporation would be
approximately 46,000 t/d (wet bulb = 13.9°C). It is
believed that a cooling tower water balance which
equates annual average blowdown to system losses would
result in maximum concentration factors over 20. Con-
sequently, depending on cooling tower makeup water
quality resulting from the combination of treated
wastewater with raw water makeup, a water balance may
be required which would result in excess blowdown rel-
ative to ash handling losses and scrubber makeup.
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Table 6.8 Water Utilization Summary®

Koppers- Lurgi- Direct
Methanol Pischer-Tropsch Liquefaction

Process recycle 38,$60** 35,610%* 22,510

Boiler losses ,

Ash 300 2,960 300

Scrubber 900 7,070 900
Dryer losses

Ash 210 90 160

Scrubber 620 . 280 490
Gasifier losses

Ash 10,230 7,730 7,960
Total losses 12,260 18,130 9,810

*).All quantities in t/d
wx) Does not include waste streams from gas synthesis
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The excess blowdown could probably be used for process
quench water or boiler makeup although tertiary treat-
ment may be required for such uses.

Conventional waste étreams include runoff and sanitary
waste treatment sludges and effluents. Raw water sup-
plied to the plant will already have been clarified

S0 raw water treatment sludges and filter backwashes

do not have to be considered. Runoff may regquire bio-
logical treatment, oil separation, or énly suspended
solids removal depending upon its origination and degree
of contamination. Sanitary wastes have been assumed

to be treated in separate facilities rather than com-
bined with the gas liquor stream prior to bioclogical
treatment. Although there are some advantages to stream
combination (e.g. provision of nutrients), adverse
synergistic reactions may occur and consequently stream
combination is not recommended at this time. Sanitary
waste treatment effluents may be used for scrubber make-
up while sanitary sludges could be disposed of in the
s01id waste disposal facility.

Little information is available regarding the guantity
or quality of waste streams from synthesis processes.
It is believed that the Fischer-Tropsch process would
generate larger quantities of wastewater than either
the Methanol or M-Gas processes. It is projected that
approximately 5000 - 6000 t/d of wastewater would be
produced, most of it originating in the Fischer-Tropsch
synthesis section. Synthesis wastewaters would be
routed to alcohol recovery facilities and then combined
with smaller waste streams from hydrotreating, fractiona-
tion, and carbon monoxide removal facilities. The
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combined waste stream would be ‘contaminated with

1 - 2 percent acetic and other organic acids. Small
quantities of hydrocarbons may alsc be present. De-
finitive treatment requirements for this waste stream
are not known. It is estimated that about 30 percent
of this waste stream, following treatment, could be
recycled back to the synthesis process while fhe re-
maining 70 percent could be used for cooling tower
makeup [Ref. 65 and 67].

Miscellaneous process waste streams include Rectisol
still bottoms and condensates from ash quench vent
cooling and the SCOT plant. If the condensates are
clean, they can be readily used as boiler makeup.
Contaminated condensates and the Rectiscl still bottoms
would require combination with the gas liquor stream
prior to phenol extraction or stripping.

High Temperature Gasification (see Figure 6.3)

Water treatment requirements for High Temperature
Gasification processes are significantly reduced
relative to Low Temperature Gasification processes

due to the thermal cracking of organics in the gasifier.
The high temperature generation of product gases results

in negligible formation of heavy organics [Ref. 60,

pp. 61-63]. Consequently, biological treatment of pro-
cess—generated wastewaters would probably not be re-
quired prior to water reuse. It is possible that the
Winkler gasifier, with a maximum reaction bed tempera-
ture of 1000°C, could produce small quantities of or-
ganics such as phenols and oil. Biological treatment
may be required for these wastewaters.
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The primary contaminants of process-originated waste-
waters resulting from gas cleaning, cooling, and shift
processes would be inorganic in nature and similar in
identity to those inorganics associated with Low Temper-
ature Gasification wastewaters (see Section 6.4.1 (1)) .
Major contaminants would include hydrogen sulfide,
ammconia, hydrogen cyanide, thiocyanates, and sulfites.

The process-originated wastewaters will also contain
relatively high concentrations of certain trace elemenFs
in comparison to Lurgi process wastewaters. High Tem-
perature Gasifiers are characterized by a significant ,

Tcarryover of fly ash (50 - 75 percent of total ash) in

the raw product gas from the gasifier due to the utili-

_zation of entrained or fluidized beds. The wash waters

associated with gas scrubbing would subsequently contain
concentrations of those trace elements such as antimony,
arsenic, cadmium, lead, selenium, and thallium which tend
to volatilize and condense on fine particulates. 1In a
Lurgi-type gasifier, these elements would tend to appear
in the ash quench waters rather than in wastewaters
associated with gas cleaning and quench processes.

Clarifiers would be provided for the removal of suspended
solids from wash waters and sclids' separation recycle
streams. Clarifier sludge, after dewatering to approxi-
mately 50 percent water (by weight), would be combined
with dewatered slag (10 percent water by weight) and

sent to solid waste disposal. Clarifier overflow would
be used for gas scrubbing and for slag quenching and
slurrying. Net clarifier overflow, which occurs as a
result of condensation of water vapor entrained in the
raw product gas, would be combined with contaminated

cooling water and condensates from gas cooling and shift
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processes and sent to water treatment. It is estimated
that the guantity of wastewater requiring treatment is
approximately 0.90 kg/kg coal.(as received). A water
analysis for Koppers-Totzek waste water is presénted

in Table 6.9. '

Process-originated wastewaters would require steam
stripping for the removal of'gaseous components ﬁrior

to utilization as cooling tower makeup. Consistent with
the stripping process utilized for Lﬁrgi gasification,
ammonia would be recovered separately andé the residual
gases sent to sulfur recovery facilities. The removal
of ammonia is more critical, however, with respect to
treatment of high temperature gasifier wastewaters since
residual levels will not be reduced during biological
oxidation. Ammonia fixation, for example as ammonium
chloride, could result in high residual ammonia levels.
Consequently, two stage stripping with lime treatment
between stages may be required to ensure residual ammonia
levels of less than 50 mg/l. It is anticipated that the
utilization of lime treatment for pH adjustment prior to
second stage stripping would also remove significant
concentrations of the trace metals and other inorganic
compounds which otherwise could lead to problems during
subsequent water reuse. The anticipated water quality
of the treated wastewater is provided in Table 6.9. The
cost of water treatment is estimated to be approximately
$30 million (1980).

Following treatment, the water would be used as cooling
tower makeup as discussed in Section 6.4.1 {i). Cooling
tower blowdown would also be utilized as discussed in
that section. It is estimated that coal conversion pro-
cesses of the magnitude contemplated, with steam genera-
tion facilities sized to meet on-site steam and emergency
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Table 6.9 Koppers-Totzek Process Water Analysis

Constituent 1 2
coD : . 128 52
TDS ' 831 475
TSS . 5081 5
Phenol 0.01 0.01
Cyanide ] 13 6
0il : - -
Ammonia 184 20
Sulfide - 7 7
Hardness (CaCO3) 630 80
Alkalinity (CaCO3) 650 10

Location 1 - prior to stripping
Location 2 - after stripping/pH adjustment

All values'in mg/l

Source: [Ref. 58]
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power requirements, would have a cooling tower heat
duty of approximately 105 x 10% my/d (1215 MW ). Cor-
responding annual average and design point evaporation
rates would be 30,000 and 40,000 t/d, respectively.
High concentration factors would again probably dic-
tate the generation of excess blowdown relative to ash
handling and scrubber water losses.

A combined clarifier overflow/cooling tower blowdown
stream would be used for slag quenching and transport;
ing the slag to dewatering facilities. It is again
éstimated that evaporative losses would be about

0.5 kg/kg ash. The combined stream consisting of de-
watered slag and ash would contain approximately

30 percent water (by weight). Liquid effluents as-
sociated with solids separation facilities would be
recycled as required to the clarifier prior to reuse.
Overall water loss associated with ash handling would
be 0.93 kg/kg ash. '

Conventional and miscellaneous process waste streams
would be similar to those associated with low tempera-~
ture gasification and would be handled as discussed pre-
viously (see Section 6.4.1 (i)). Water utilization is
summarized in Table 6.8.

Direct Liquefaction (see Figure 6.4)

The use of solvent hydrogenation processes for direct
liquefaction of cocal and production of hydrocarbon lig-
uids inevitably results in wastewaters which are signi-
ficantly contaminated with a variety of organic and in-
organic constituents. Although relatively smaller guan-
tities of wastewater are produced than with gasifica-
tion technologies, the variety of organic contaminants
reported present appears to be significantly greater.
Potential organic contaminants include phenols, signi-
ficant amounts of acetic acid and smaller amcunts of
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carboxylic acids; light hydrocarbons including benzene,
toluene and xylene; naphthalene; fatty acids; cresols;
alkylated phenols, naphthols, and benzene; tars; and
oil. Inorganic contaminants are similar to those
present in gasification waste streams and include
sulfur compounds, nitrates, cyanide, thiocyanates,

and chlorides. The trace elements present in the coal
will be present in liquid waste streams in various forms.
Porphyrins, carbonyls, metal alkyls and metal chelates
may all form during the liquefaction process and ulti-
mately appear in wastewaters. Dissolved gases requir-
ing removal include hydrogen sulfide, ammonia, carbon
dioxide, carbonyl sulfude and hydrogen cyanide [Ref,
61, pp. 245-257].

The major waste stream produced during the liquefaction
of coal would be from the gas separation process. This
stream would contain high concentrations of dissolved
gases and hydrocarbons including phenols. The waste
stream from liquids/solids separation would also con-
tain quantities of phenols and other hydrocarbons. A
sour condensate is also produced in the fractionation
stage. This stream would have small quantities of dis-

~solved gases and hydrocarbons, but little, if any,

phenols. Table 6.10 shows the primary constituents and
quantities associated with Liquefaction sour waters and
condensates while Table 6.11 shows the composition of
combined wastewaters prior to treatment.

In addition to the waste streams discussed above, signi-
ficant quantities of wastewater would be generated in

association with hydrogen generation. It has been assumed
that a high temperature gasifier would be utilized and

consequently, wastewater characteristics would be as
discussed in Section 6.4.1 (ii).
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Table 6.10 Direct Liquefaction Process Water Characteristics

Waste Stream (mg/l)

Gas Liguid/Solids
Constituent Separation Separation  Fractionation
COz ~ 37,700 - 1,900
HZS 55,600 - 900
NH, 29,200 - -
Hydrocarbons 5,000 5,300 6,600

Source: [Ref. 61}
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Tahle 6.11 H-Coal Process Water Analysis

Location*
Constituent 1 2 3
BOD 52,700 9,100 40
CoD 88,600 14,200 950
TDS : 5,300 - -
T8S : 2 2
Phenol ‘ 6,800 410 1
Cyanide : 10 7 0.05
Thiocyanate 350 350 35
Ammonia 14,400 45 1
Sulfide 29,300 10 0.06
0il 608 50 1
Hardness (CaC0,)- 80 80 80
Alkalinity (CaCO3) 80,000 700 700
pH 9.5 7.5 7.5

*Location 1 - prior to oil separation/phenol extraction
Location 2 - prior to biological treatment
Location 3 - after biological treatment

All values in mg/l

Source: [Ref. 58, p. 288, 365, 491]



The gas separation/liquids-solids separation waste

streams would be combined with the fractionation con-
densates and sent to stripping facilities for the re-
covery of ammonia and removal of dissolved gases as
previously described (see Section 6.4.1(ii)).If the lig-
uvefaction wastewaters are low in carbon dioxide con-
centrations, the United States Steel Phosam process
would have to be used rather than the Chevron WTT,
Linz-Lurgi, or two-stage steam stripping.

Table 6.11 shows anticipated waste stream water quali-
ty prior to biological treatment which would be re-
guired to reduce the high residual organic loading.
It is estimated that approximately 0.35 kg water/kg
coal would require biological treatment. The bio-
logical treatment of organically contaminated waste-
waters was previously discussed in Section 6.4.1 (i).
Because of the high organic loading, powdered acti-
vated carbon would be added to the second stage of
the treatment to improve remcval efficiencies (see
Pigure 6.5). The carbon could@ be recovered from the
final clarifier, regenerated, and recycled. Recent
experimental studies on H-coal wastewaters have shown
that low COD, BOD and phenol residuals can be
achieved [Ref. 58, pp. 316-317}. Table 6.1l shows an-
ticipated water quality following biological treat-
ment. The cost of liquefaction wastewater treatment
is estimated to be about $65 million (1980).

Wastewaters from the high temperature gasifier used for
hydrogen generation should be treated separately from
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the liguefaction process waste streams since they con-
tain little, if any, organic¢ contaminants. If the
waste streams were combinéd, the hydraulic loading on
the bioclogical treatment plant would be significantly
increased. Gasifier wastewaters would be treated as
described in Section 6.4.1 (ii). The associated cost
would be approximately $14 million (1980).

Following treatment, the gasifier liquids would be com-
bined with the other treated wastewaters and used for
cooling tower makeup. The use of treated wastewaters

for cooling was previously discussed in Section 6.4.1 (i).

Problems with the optimum utilization of cooling tower

blowdown would be similar to those discussed in Sections

6.4.1 (i) and 6.4.1 (ii).

Conventional and miscellaneous waste streams would be
similar to those associated with low temperature gasi-
fication except that gas synthesis waste streams would
not be present. The'handling of these waste streams
would be as previously discussed (Section 6.1.1 (i)}).

Water Utilization is summarized on Table 6.85.

Gaseous Emissions

Pollution control requirements for gaseous emissions are
relatively simple in comparison with water treatment re-
quirements discussed in the following section. Commer- :
cially proven technologies can be readily utilized to re-
duce residual pollutant levels to criteria requirements.
Table 6.12 provides a summary @f particulate and sulfur
emissions associated with major onsite sources, including
the steam boilers (Section 6.3). NOx emissions have not
been quantified since they are not addressed in the sec-
tion dealing with applicable standards (Section 6.2). If
required, control could be readily provided through boiler/
burner design. Hydrocarbon emissions have also
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Table 6.12 Summary of Particulate and Sulfur Emissions

Koppers- Lurgi- Direct
Methanol Fischer-Tropsch Liquefaction

Particulate Emissions (t/d)

Boilers 2.0 14.0 2.0
Dryers 1.4 0.6

Total ° 3.4 14.6 3.1

Sulfur Emissions (t/d)

Boilers 5.8 38.8

Dryers 4.0 1.9% 3.2%
SCoT 1.6 1.6 1.1
Total 11.4 42.3 10.1

*
Sulfur recovery may not be required if emissions are less than
5 tonnes sulfur/day provided ambient air quality guidelines are
not exceeded [Ref. 72, Sectiom 2.2.2].
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not been quantified since they would be primarily asso-
ciated with leaks and spills. Control would be as dis-
cussed in the "Fugitive Emissions" portion of this sec-
tion.

With respect to volume and concentration of potential

-air pollutants, the waste stream of most significance

associated with the ‘coal conversion technologies addressed
would be the concentrated acid gases from the acid gas re-
moval facilities. The concentrated acid gas waste streams
would be sent to sulfur recovery facilities. Sulfur re-
covery tail gas would require additional treatment prior

to release to the atmosphere. For indirect liQuefaction
processes, the raw product gas would require purification
prior to synthesis. For direct liquefaction technologies,
product gas from the hydrogen generation system would re-
quire clean~up prior to process utilization. 1In addition,
gaseous waste streams from gas separation and fractionation
would réquire treatment for recovery of heating wvalues and
sulfur recovery prior to release. Pollutants of major con-
cern in the concentrated acid gases would be reduced sulfur
compounds, hydrogen cyanide, and hydrocarbons. Essentially
2ll the sulfur contained in the coal feed would appear in
the concentrated acid gases. Allowing for some sulfur in
ash/slag, byproduct tars, and liquid products, approximately
90 - 95 percent of the feed coal sulfur would be contained
in the acid gas removal facilities' waste streams.

It has been assumed that the Rectiscol process would be used
for acid gas removal although a number of process options
are available. All such processes produce a product gas
relatively free of sulfur compounds and carbon dioxide.

The Rectisol process produces a number of gaseous waste
streams, all of which would be fed to a sulfur recovery
plant except for a rich carbon dioxide stream which also



contains most of the wasted hydrocarbons. This stream would
regquire incineration prior to release if combination with
the product gas is not feasible.

There are a large number of process options available for
sulfur recoﬁery and tail gas cleanup. For purposes of
analysis, it has been assumed that a Claus-SCOT treatment
train will be utilized and it is anticipated that an overall
sulfur removal efficiency of greater than 99 percent can be
achieved. It is estimated that; the cost of these facilities
would be approximately $15 million (1980). The Claus .plant
will remove approximately 90 - 97 percent of the feed gas
sulfur with higher removals achieved with higher feed con-
centrations. Lean feed streams would alsc require the pro-
vision of supplemental fuel since reaction heat would be in-
sufficient to maintain process temperature. Concentration
processes such as Shell ADIP could be used to provide the
Claus plant with a rich hydrogen sulfide stream relatively
free of hydrocarbons. If the feed gas contains over 3 per-
cent ammonia, scrubbing may be required for ammonia removal,
especially if the feed gas also contains high levels (greater
than 30 percent) of carbon dioxide.

The SCOT process will convert all residual sulfur species

in the Claus tail gas to HZS' A rich st stream is recycled
back to the Claus plant. Emissions from the SCOT plant
should contain less than 300 ppm (v) of sulfur. Residual
levels of 100 ppm (v) are reported achievable [Ref. 59].

A typical analysis of SCOT tail gas is shown on Table 6.13.

Gaseous waste streams sent to the Claus-S5COT treatment system
in addition to those from acid gas removal include the stripped
gases from the ammonia recovery facilities associated with
water treatment. In the Lurgi process, expansion gases are
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Table 6.13 Typical SCOT Tail-Gas Analysis

Component Volume (percent)
st .03
SO2 ‘ C -
< -

Cos 10 ppm
C52 1 ppm
Co -

Co2 3.05
H2 _ 0.96
HZO 7.0

Nz - 89.0

Source: [Ref. 76]
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generated in the gas liquor separator which contain suffi-
cient quantities of H,5 to warrant Claus plant treatment.

Miscellanous waste streams associated with all coal conver-

sion processes are described in the following discussions:

(1) Fugitive Dust

Fugitive dust would occur as a result of coal prepa-
ration including thermal drying and handljng. Conven-
tional controls such as water sprays at dump hoppers,
transfer points, screens and crushers and:the use of
exhausted ducts, dust collectors, and fabric filters
should maintain fugitive dust emissions at acceptable
levels.

(ii) Nitrogen

Nitrogen from the air liquefaction plant is available
for use as transport gas for dry pulverized coal and
for process purging requirements. Excess nitrogen
from the oxygen plant should be vented from an elevated
stack to enhance dispersion.

(iii) Coal Lock Hopper Vents

The use of raw product gas for lock hopper pressuri-
zation and recovery via compression is recommended.
Nitrogen could be used to displace residual gases prior
to recharging the hoppef after a feed cycle. The re-
sidual gases purged by nitrogen would probably require
incineration.

(iv) Ash Lock Hopper/Quench Vents

These vents are comprised mostly of steam contaminated
with particulates and volatile components of the waste-
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water used for quenching. The steam could be sent
through a wet cyclone for partiéuiates removal and
then condensed. Residual noncondensables should
be incinerated.

Coal Dryer Flue Gases

Coal drying is reguired for most conversion proces-
ses investigated as discussed in Settion 2. Thermal
drying, using Performance Blend coal, is proposed.
Since drying is accompanied by contacting the feed
coal with combustion gases, dryer emissions will
contain particulates, volatile compounds, and con-
ventional combustion products. Because of the high
moisture content of the coal and the large guantity
of coal being dried for most processes, dryer emis-
sions could be environmentally significant. "It is
probable that pollution-control requirements similar
to those associated with steam generation will be
necessary (see Section 6.3).

Preheater Flue Gases

Both direct and indirect liquefaction processes re-
guire a number of furhacés or heaters which generate
combustion flue gases. If byproduct fuel gas, treated
for acid gas removal, is utilized to supply process
heat requirements, airborne pollutants associated with
flue gas emissions should be minimal.

Fugitive Emissions

Because of potential hazards associated with coal con-

version products (see Section 6.5), the most difficult

gaseous emission problem may be control of fugitive re-
leases associated with product production, handling

and storage. Escapes could be minimized by the adegquate
design and maintenance of valve stems, pump packing or

mechanical seals, flanges/gaskets, relief valves,
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instrument/piping connections and compressor seals.
Specific control methods include the use of positive
pressure sealing systems on rotating equipment and
closed relief valve systems.

Storage tank emissions would be controlled through
implementation of the requirements dictated by Pro-
vincial standards (Section 6.2.1).

6.4.3 8Sclid Wastes

(i)

Low Temperature Gasification

The major solid waste produced as a result of gasifier
operation would be ash removed from the bottom of the

gasifier through lockhoppers. The ash would be quenched;

slurried to solids separation, thickening and dewater-
ing facilities; and subsequently sent to a contained
landfill for disposal with a moisture content of approx-
imately 25 percent by weight.

In a Lurgi gasifier, essentially all ash contained in
the feed coal exits from the bottom of the reactor.
Very little ash is carried over with the raw product
gas to the gas cooling and shift facilities. It has
been subsequently assumed that the gquantity of ash re-
quiring disposal is equivalent to the ash contained in
the feed coal.

The ash would contain most of the inorganic content of
the coal including trace elements not volatilized during
gasification. It is believed that the ash constituency
would not vary significantly from that generated during
conventional coal combustion. The characteristics of
Hat Creek coal ash is presented in Section 6.3.3.
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In addition to ash, other solid wastes include organic
sludges from biological and sanitary waste treatment,
and byproduct storage; inorganic sludges generated as
a result of runcff treatment; evaporator residues;

and spent catalysts and filter media.

The organic sludges associated with bioclogical treat-
ment and byproduct storagé may be hazardous in nature.
These wastes could be disposed of with the ash in a
secure landfill. Incineration may be preferable due
to potential odor problems. Sanitary waste treatment
sludges and inorganic sludges could alsc be landfilled
or incinerated.

If metals' recovery is not viable, the spent catalysts
will require handling as a solid waste. The spent
catalysts, as well as filter media and evaporator re-
sidues, could be very hazardous and require special
handling-and disposal. Chemical fixation and/cr con-
tainerization may be necessary before landfill disposal.

(ii) High Temperature Gasification

Ash (or slag} would be the major sclid waste produced

as a result of gasifier operations. As discussed in
Section 6.4.1 (ii),High Temperature gasifiers are
characterized by an entrainment in the raw product gas
exiting the gasifiers of 50 - 75 percent of the ash
contained in the coal fed to the gasifier. The remain-
ing ash would be discharged from the bottom of tl.e gasi-
fier as a molten slag.

The slag, following quenching, would be granular in
nature and less susceptible to leaching than Lurgi ash

or fly ash. Because of the slag's granular character,

it would be relatively easy to dewater. Follo ing solids
separation, the slag solid waste would contain only
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5 = 10 percent water. The slag produced by Koppers-
Totzek and Texaco gasifiers would be inorganic in con-
stituency and would resemble ash produced during con-
ventional coal combustion (see Section 6.3.3). Winkler
bottom ash would contain relatively high concentra- :
tion of unburned carbon. Unless this ash is fed to

a fluidized bed combustor for recovery of the residual
energy values, this material would constitute a solid
waste.

Fly ash would be removed from the raw product gas
through utilization of wet scrubbers, cyclones and/or
electrostatic precipitators. The fly ash collected in
association with Winkler and Texaco processes has suf-
ficient carbon to warrant recovery. The Winkler fly
ash could be dewatered as required and combined with
the'slag for use as fuel while Texaco fly ash would be
recycled back to the coal slurry feed. Koppers-Totzek
fly ash would have little, if any, organic content.
Washwaters would be clarified and the resulting sludge
would be filtered to a solids content of approximately
50 percent. The filtered sludge would be combined with
the slag and sent to the solid waste disposal facility
for burial.

In summary, all the ash contained in the coal fed to

any of the high temperature gasifiers considered, in-
cluding the high-carbon Winkler residues, would ulti-
mately end up as a sclid waste regquiring disposal.

Miscellaneous s0lid wastes associated with High Tempera-
ture gasification processes would be similar to those
identified in Section 6.4.3 (i) except that bijological
treatment sludges would not be present.
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(iii) Direct Liquefaction

(iv)

Since the char and heavy o0il residuals produced during
the liquefaction process will be utilized for gasifier
fuel, they will not constitute a solid waste. However,
essentially all ash in the coal feed will become con-
centrated in these byproducts and will ultimately end
up as gasifier bottom ash or fly ash. The collection
and handling of these waste products was discussed in
Section 6.4.3 (ii).

Miscellaneous solid wastes would be similar to those
discussed in Section 6.4.3 (i) and would be handled
accordingly.

Solid Waste Disposal Facility

As discussed in the preceding section, coal conversion
processes generate large quantities of solid wastes of
varying characteristics. It is estimated that the total
guantity of solid wastes produced would be approximately
4.9 - 7.5 million t/year (wet). As indicated on Table
6.14, the majority of these wastes would be ash and/or
slag. The only viable method of disposing of the pro-
jected quantities of solid wastes would be in a land-
£ill facility such as that proposed in association with
the 2000 MW conventional coal-fired power generation
facility [Ref.102] which is designed to handle up to

4 million t/year of ash over the 35-year life of the
facility. The cost of facility development, including
transfer equipment, has been estimated to be $50-60 mil-
lion (1980).

The primary environmental concern associated with land-
£fill operation would be ground water and surface water
contamination caused by runoff and leachate. As dis-
cussed in the preceding sections, it is anticipated that
the composition of the gasifier ash or slag would re-
semble ash produced by the conventional burning of coal.
The projected quality of leachate for various trace
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Solid Waste Summary

Solid Waste (t/d-dry)

Gasifier Ash
Boiler/Dryer

Ash

Scrubber Sludge

Total Water

Total

Koppers-

Mathanol

11,000
1,300
50
6,510
18,860

Lurgi- Direct
Fischer-Tropsch Liquefaction
9,310 8,560
7,730 1,190
250 30
5,440 5,130

22,730 14,930
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elements from a 75/25 percent combination of Hat

Creek coal fly ash/bottom ash is shown on Table 6.15.
It is believed that a waste stream of this quality
would not be considered hazardous by regulatory agen-
cies. However, the use of treated process waters for
ash slurrying, which may contain concentrations of the
volatilized trace elements as well as organic contami-
nants, could significantly change ash leachate charac-
teristics. These ﬁaters may contain residual concen-
trations of organic subsﬁances, such as phenols, fatty
acids, and polycyclic aromatics. In addition, concen-
trations of the volatilized trace elements and inor-
ganic ions,such as SCN-, CN~ and S=,may also be pres-
ent. The presence of some of these substances may en-—
hance the solubility of certain metals contained in
the ash while the alkaline ash may absorb or cause
some of the quench water contaminants to precipitate
out of solution [Ref. 57, Page 119].

Although it is impossible to project leachate gquality

at this time, it is probably safe to assume that regu-
latory agencies will consider the leachate as poten-
tially hazardous and will require contained disposal
with associated leachate/runoff collection systems and
groundwatér monitoring. The inclusion of organic sludges
and spent catalysts would also contribute to the suspect
nature of the solid wastes requiring disposal.

Toxic and Hazardous Considerations

Conventional pollutants produced during coal conversion such

as sulfur dioxide, nitrogen oxide, carbon monoxide, hydrogen
sulfide, particulates, and gross hydrocarbons, acting as
individual agents or as a result of synergistic or environ-
mental reactions, have the potential to cause acute respiratory



Table 6.15

*Based on fly ash to bottom ash ratic of 75/25, conditioned
and wetted with recycled powerplant waste waters to 20 per-
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Projected Combined Ash Leachate Quality
for Trace Elements*

Trace Concentration
Element (mg/1)
Arsenic 0.6 — 2.4
Boron 3.0 - 3.6
Cadmium 0.10
Chromium 0.12 - 0.20
Copper 0.23 - 0.33
Fluoride 3.3 - 4.9
Lead 0.05
Mercury 0.0013 - 0.0023
Vanadium 0.18 - 0.22
Zinc 0.82 - 2.5

cent and 40 percent moisture respectively.

Source: [Ref. 68]
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illness or chronic lung and skin diseases. Control technolo-
gies are commercially available to limit the emissions of
these pollutants at levels for which adverse health effects
are not anticipated. However, waste streams and coal conver-
sion products will potentially contain unknown concentrations
of complex organic congtituents as well as trace metals, a
number of which are known to be carcinogenic or otherwise
hazardous. The following sections address concerns associ-
ated with the presence of these pollutants in cecal conversion
products and waste streams.

Waste Treatment Concerns

(i) Trace Elements

An unknown factor regarding waste treatment in coal con-

version facilities is the ultimate fate of trace elements.

Some trace elements, either through bicaccumulation or on
a direct dose/response basis, are known to have the po-
tential to cause both chronic and acute toxic effects.

During direct coal liquefaction, trace elements would
tend to concentrate in the residues with less than 1 ppm
of any element distributed in the coal products [Ref.
61, pp. 297-299]. Since it is proposed to gasify the
residueé, the ultimate fate of trace elements in either
direct or indirect liquefaction technologies hinges on
gasification reactions. Trace elements tend to parti-
tion and concentrate themselves during combustion re-
lative to their volatility. Nonvolatile elements would
tend to concentrate in the ash or slag. Volatile ele-
ments would tend to concentrate in the raw product gas
where a secondary partitioning would occur since most
of the volatilized elements would condense or adsorb on
fly ash particles as the gas cools.
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An analysis of trace element redistribution associa-
ted with the conventional combustion of Hat Creek coal
identified 23 elements of environmental concern [Ref.
68]. The primary criteria for selection included
presence in Hat Creek coal and potentiai toxicity.
Table 6.16 lists the identified elements and their
combustion partitioning characteristics. It is be-
lieved that the partitioning characteristics shown on
the table would be representative of initial trace ele-

ment distribution during gasification.

It should be recognized that the trace element character-

istics shown on Table 6.16 represent general trends and
should not be interpreted as absolutes. For example,
arsenic may be found in bottom ash and in the cleaned
product gas as well as being a fly ash constitutent.

The use of water to guench ash, slag, and raw product
gas; water reuse and system interactions; metals' solu-
bility; and the removal efficiency of water treatment
systems all contribute to the unknown fate of trace ele-
ments.

Trace elements would primarily be returned to the envi-
ronment as components of ash/slag and biological treat-
ment sludge which are proposed to be landfilled; with
stack emissions associated with coal combustion in the
plant boilers and thermal dryers; or with cooling tower
drift due to the utilization of treated water for make-
up and the trace metals contained in the raw water. The
previcusly referenced report addressing trace element
redistribution associated with the utilization of Hat
Creek coal in a 42,000 t/d conventional coal-fired éower
plant concluded that no significant environmental
impacts would occur [Ref. 68]. The environmental
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Trace Element Partitioning Characteristics

Element

Silver (Ag)
Arsenic (As)
Boron (B)
Beryllium (Be)
Cadmium (Cd)
Cobalt (Co)
Chromium (Cr)
Copper ({(Cu)
Fluorine (F)
Mercury (Hg)
Manganese (Mn)
Molybdenum (Mo)
Nickel (Ni)
Lead (Phb)
Antimony (Sb)
Selenium (Se)
Tin (Sn)
Thorium (Th)
Thallium (T1)
Uranium (U)
Vanadium (V)
Tungsten (W)

Zinc (Zn)

Source: [Ref., 68]

Volatile
Nonvolatile Condense/Adsorb Remain Volatile
X
X X
X X )
X X X
X X
X X
X X
X X X
X X
X
X
X
X X
X X
X
X X
X
X
X X X
X
X X
X
X X
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pathways associated with conventional coal combustion
are essentially identical to those of coal conversion
although the relative distribution of metals with
respect to the pathways would be different. Conven-
tional coal plants would have relatively larger stack
emissions while coal conversion facilities would have
larger cooling tower emissions. Although it is anti-
cipated that there would be no major adverse environ-
mental impacts associated with trace element releases
from a coal conversion facility, insufficient data
exists to allow a definitive conclusion at this time.

Water Treatment Efficiency

Low temperature gasification and direct liquefaction
facilities produce waste waters which are contaminated
with organics as previously discussed in this report.
Biological treatment would be required to reduce the
organic loading to acceptable levels and it is believed
that some metals removal would also be achieved. Most
of the organic compounds would be phenols which, at the
inlet concentrations anticipated, would be readily bio-
degradable. The residual phenols would probably be
complex polyhydric or polyaromatic compounds which
resist degradation. Other organic compounds which re-
sist degradation and are potentially present would in-
clude aromatics such as benzene, toluene, and xylene

as well as related sulfur/nitrogen substituted compounds.
It is likely that polynuclear aromatic hydrocarbons would
alsoc be present in small concentrations. Many of the
complex compounds which would potentially be present in
the treated wastewaters are known to be carcinogenic or
otherwise toxic to various body organs and systems.

[Ref. 61, pp. 243 et seq; Ref. 74, pp. 2-32 to 2-35].
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Since there is a general lack of data regarding the
biotreatability of coal conversion wastewaters rela-
tive to complex organics and trace metals, as well

as a lack of specific health effects data, an assess-
ment of water treatment adequacy relative to these
contaminants is not possible. The primary environ-
mental pathways associated with residual pollutants

in the treated wastewaters would be via cooling tower
drift or as part of the moisture component in ash/slaé
or biological sludge. Drift emissions from cooling
towers would be widely dispersed and, because of at-
mospheric dilution, it is anticipated that no signi-
ficant impacts would occur. The lack of data regarding
residual pollutant levels and dose/response information
for many of the contaminants precludes definitive de=-
terminations at this time. Definitive analyses would
be complicated by the reuse of water in evaporative
syétems such as the cooling water system and the ash
quench system. With the implementation of the zerc
discharge concept, system blowdown would consist pri-
marily of water removed from the site with solid wastes.
It is possible that nonvolatile contaminants could build

up to unsafe levels and supplemental blowdown, most like-

ly from the ash quench systems, would be required. Pol-
lutants associated with the landfilled solid waste would
be controlled through containment. Leachate would be
collected and disposed of as discussed in the following
section.

Ultimate Disposal of Wastewater

With the use of zefo-discharge water treatment systems,
it is probable that some form of ultimate wastewater

disposal will be required. Potential streams requiring
such disposal would include leachate collected from the
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solid waste disposal area and the supplemental blow-
down streams identified in the prior section. Forced
evaporation is the most likely treatment system al-

though natural evaporation may be viable in the pro-
.posed site area. Other ultimate disposal technologies
such as ion exchange, reverse osmosis, and electro-
dialysis are subject to fouling by organics and may
not be practical considering anticipated wastewater
characteristics from most of the coal conversion pro-
cesses inﬁestigated. It is estimated that the cost of
forced evaporation,. conservatively assuming a waste
flow of 3000 t/d, would be about $5 - 6 million (1980).

Forced evaporation of wastewaters would result in a
flash gas, waste brine, and product water suitable for
reuse. The flash gas may require treatment for ammo-
nia or sulfur removal prior to release to the atmosphere.
The waste brine would require dewatering/drying prior to
burial in the sclid waste disposal facility.

6.5.2 Coal Conversion Products and Byproducts

Products and byproducts from coal conversion facilities con-
tain numerous substances known to be toxic or otherwise pre-
sent hazards for occupational or public exposure. A hazard
potential assessment of 216 specific substances supected

or known to be present in product streams resulted in 37
judged to be hazardous, 24 - very hazardous and 15 - most
hazardous [Ref. 61, p. 19]. It is estimated that this
assessment addressed less than 10 percent of the possible
compounds in liquefaction products [Ref. 70, p. 510].

It is estimated that coal liquefaction products contain

over 70 percent (by weight) aromatic and heterocyclic hydro-
carbons. Some of those compounds, which would include poly-
nuclear aromatic hydrocarbons, are known to be carcinogenic

or mutagenic.
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Therefore, leaks, spills, handling, transportation and
storage will require special attention during all phases
of a facility's life from conceptual design through decom-
missioning. It is possible that toxic and hazardous con-
siderations may restrict product utilization although the
extent of such restrictions are unknown at this time.

Relative Impact Comparison between Coal Conversion and
Power Generation Facilities

" The local environmental significance of a coal conversion

complex or power generating station can be investigated on
a relative basis through comparison of various parameters
associated with facility construction and operational char-
acteristics. It must be recognized, however, that such
comparisons are only indicative of the potential for im-
pact. More detailed analyses beyond the scope of this re-
port would be required to identify and subsequently compare
the absolute effects of facility construction and operation
on the local environment. Table 6.17 summarizes important
impact indicators which are presented elsewhere in this re-
port for selected representative technologies and provides
a tabular comparison with similar data associated with a
2000 MW coal-fired power generating station, as described
in Ref,102,

Examination of Table 6.17 indicates that while solid waste
production is proportionate to coal feed rates due to ash
being the major component, atmospheric emissions are not.
With the use of acid gas and tail gas treatment systems and
the control of fugitive emissions, the atmospheric emission
of pollutants associated with either coal conversion or
power generation is primarily related quaﬂtitatively to the
combustion of coal. It is inherently obvious that coal-fired
power generation facilities will consequently have larger
emission levels of combustion products than conversion fa-
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cilities with equivalent total cocal feed rates. Correspond-
ingly, the indicated Lurgi-Fischer Tropsch alternative,which
utilizes coal fines for the production of export power, has
higher emission levels than the other two conversion alter-
natives which have boilers sized to meet only onsite steam
and power requirements.

It is recognized that the utilization of liguid products pro-
duced by coal conversion facilities will probably result in
additional pollutant emissions to the atmosphere. Because of
the potentially hazardous nature of coal liguids (see Sec-
tion 6.5.2), such emissions could be environmentally signif-
icant. However, the variety of possible products and end- .
use diversity precludes detailed assessment.

Water consumption is primarily dictated by cooling water
system losses in facilities designed for maximum reuse of
waste water. Power generation facilities consequently re-
quire much more water than conversion facilities having simi-
lar total coal feed rates since so much low-level waste heat
is rejected by the thermal production of electricity. The
Lurgi-Fischer Tropsch maximum power alternative uses more
water than the other two conversion alternatives due to

large gquantities of coal being utilized to generate elec-
tricity.

Coal conversion technologies, because of their complex petro-
chemical nature, require the preemption of much more land

for the construction of onsite facilities. It is estimated
that approximately 200-350 ha would be required for siting

a coal conversion unit of the size contemplated {[Ref.l],
while only about 100 ha would be required for the power
generation facilities [Ref.102). Area requirements do_not
include allowances for coal preparation or solid waste dis-
posal facilities.
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Facility complexity would also be reflected in construction
work-force requirements. The peak work-force requirement
for power plant construction is about 3,150 [Ref. 76], while
it is estimated that two to three times that number of work-
ers would be required to construct a conversion facility of
equivalent size. Since the work force required for power
plant construction exceeds the required supply of unionized
construction workers [Ref. 102},it can be projected that
each additional worker reqguired for construction of the con-
version facility would probably be an inmigrating worker.
Secondary employment induced by increased work-force inmi-
gration would probably also be supplied through inmigration.
The incremental socioeconomic impacts associated with an in-
flux of thousands of people into the Hat Creek Valley region
beyond that required for power plant construction would be
significant but impossible to assess without detailed study.
"Boom-bust" cycle effects associated with coal conversion
facility construction could be greatly magnified relative to
power plant construction since the permanent operating staff
for both types of facilities are projected to be about equal
(around 1000 personnel).




Table 6.17 Comparison of Coal Conversion and Power Generation
Facilites' Operating Parameters. -

Lurgi-
Koppers- Fischer Tropsch Direct Power

Parameter (t/d) Methanol (Max Power) Liquefaction Generation
Coal Requirement 48,030 66,395 38,095 40,500
Water Requirement 34,600 51,600 28,800 100,200
Particulate Emission 3.4 14.6 3.1 17
Sulphur Emission

(as S) 11.4 42.3 10.1 75
Solid Wastes (dry) 12,350 17,290 9,800 10,830

29¢
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7. CONCLUSIONS

7.1 This study finds that the conversion of Hat Creek Coal
to light liguid fuels -

(1)
(ii)

(iii)

is best suited to future energy and petrochemical
market needs in British Columbia.

is technically viable by several alternative pro-
cess routes.

is economically viable within the Terms of Refer-
ence and economic/financial criteria imposed on
the Study.

This utilization offers a technically and economically

viable alternative to the use of the coal for thermal

electric power generation.

N.B.

It should be noted, however, that the provision

of a thermal electic power generation plant and/or
a coal conversion plant are not mutually exclusive
concepts for utilization of the huge coal deposits
at Hat Creek. It is considered feasible, given
suitably expanded mining plans, to produce suffi-
cient coal to supply both such facilities simulta-
neocusly. And while these may be best operated under
separate managements there could, by suitable inte-
gration of services, be synergistic effects -tending
to improve the overall utility and economics of the
complex. In this context it may be noted that some
of the alternative processes considered in this re-
port require local generation of about 700 MWe of
electric power.
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The most attractive of these alternate uses and the eco-
nomic limits within which they are viable, are illustra-
ted in Figures 5.1 - 5.9. These processes, ranked in de-
cending order are -

(i) H-Coal Process
(ii) Lurgi/Methanol Synthesis Process
(iii) Mobil Methanol-to-Gasoline Process

(iv) Lurgi/Fischer Tropsch Process.

However, the H-Coal Process has not vet been commercially
demonstrated to the same degree as the Methanol and Fisher-
Tropsch Processes, and its heavier oil products are not as
readily marketable.

The limited market in Western Canada for heavy fuel oils
renders the Solvent Refined Coal processes unattractive.

The conversion of Hat Creek coal to Synthetic Natural Gas
(SNG) is not economically viable at current gas export
prices.

There appear to be no opportunities for usefully conver-
ting Hat Creek coal to upgraded solid products.

The low yields of liquid products on pyrolysis of Hat
Creek coal preclude its use for combined pyrolysis/thermal

electric power deneration applications.

The processes for conversion of Hat Creek coal to light

‘liquid fuels listed in 7.2 can be operated within current

environmental control regulations and this study has in-
cluded the best available control technoloay procedures,
with attendant costs.
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There have been no developments in coal cleaning tech-
niques during the past five years which are encouraging
for the cleaning and beneficiation of Hat Creek coal in
the future. All uses of the coal must therefore continue
to be predicted on a low-rank, low-grade guality feed-
stock. _

Although Hat Creek coal exhibits adsorptive and ion
exchange properties, its use as a medium for effluent
treatment and wastewater purification is not recom-
mended for the following reasons: -

(i) these properties are not extraordinary as com-
pared with other, commercially available water
treatment materials.

(ii} the presence of gwelling clays in the coal will,
themselves, create a serious water treatment
problem through dispersion in the water being
treated, :

(1iii) the coal cannot be economically regenerated and
it is a low grade fuel.

(iv) the coal cannot be prepared and transported to
industrial regions for use in water treatment
at costs competitive with existing materials and
methods.

The chemically and structurally bound water in the minerals
present in Hat Creek coal, by interfering with the Standard
method of analyses, may cause misleading proximate and ulti-
mate analyses.
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Appendix A

TERMS OF REFERENCE

Identify and evaluate major alternative uses of Hat
Creek coal. The study is to include but not be lim-
ited to a comparative analysis of the following areas:

(a) Principally solid products

- for combustion for process heat generation
- from solvent refining

(b) Principally liquid products

- from pyrolysis

- from solution and hydrogenation of coal and
tar

- from synthesis gas

(c) Principally gaseous products

- from coal gasification

The study will evaluate the major uses of the Hat
Creek coal as alternatives to the 2000 MW (net)
thermal electrical power generating plant at Hat
Creek.

The coal consumption and specifications for the pro-
posed power plant will be advised by B.C. Hydro.
Coal quality tentative specifications for a process
plant adjacent to the 2000 MW power plant will also
be advised by B.C. Hydro.

For each of the selected process applications, mater-
ial and energy balances per unit of feed material



- (one tonne) shall be developed. Material and energy
flows per unit time (one hour) shall be presented on
flow diagrams showing the thermodynamic states of re-

actants and products.

Power, steam, land and water requirements associated
with various plants shall be clearly identified.

The manpower requirements for construction and opera-
tion of the various processes will be identified.

Capital investment and operating costs for each se-
lected process will be identified. The plant avail-
ability will be specified. Capital and operating
cost data should be specified in constant 1980 dol-
lars and displayed on a cash flow basis.

In considering alternate uses of the resource, a mar-
ket forecast within the time frame 1990 - 2010 will
be developed for these uses based on:

(a} products (identified under 1.) manufactured at
Hat Creek and supplied to meet market demands

(b) potential development of secondary industry in
the Province using the products from (a).

Data relating to existing or anticipated future pro-
ductive capacity, supply and demand for individual
products will be accumulated and forecasts of prob-
able future markets will be prepared. The evalua-
tions will include estimates of probable selling
prices at selected locations, the costs involved in
delivering products from Hat Creek to those areas,
an indication of the profitability of serving the
principal markets from Hat Creek, and a resulting
evaluation of whether a given product will be eco-
nomically viable.
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10.

11.

The study will derive opportunity costs (or values in
alternative uses) based on alternate uses of Hat
Creek coal. A framework within which the opportunity
costs will be evaluated shall be agreed upon by B.C.
Hydro.

The economic evaluation will develop cash flow pro-
jections showing costs, potential sales dollars and
resulting net income and cash generation.

Environmental considerations associated with various
processes will be described. The best practical tech-
nology available to reduce the emissions to stringent
levels will be outlined including costs.

Economic criteria for the study will be provided by
B.C. Hydro.

The work will be carried out including reference to
the related studies supplied by B.C., Hydro.

The consultant will provide, in questionnaire form,
at the start of the study, the list of information
he reguires from B.C. Hydro.

The consultant will prepare minutes of all joint
meetings held with the study coordinator or others
contacted during the course of the study and sub-
mit monthly progress reports which include a summary
of expenditures to date.

The study is to be controlled and coordinated on
behalf of B.C. Hydro by the Vice-President, Engi-

neering Group or his appointee.



12. Dbraft réport shall be submitted to B.C. Hydro for
review within 24 weeks of the date of commencement
of the study.

Note:

(1)

(ii)

(iii)

(iv)

(v}

International system of units (S.I. units)
should be used throughout the report. Con-
ventionél American or English units should
be put in brackets following the S5.I. units.

All calculations and use of formulas should
be clearly presented for easy reading.

Sources of information used in report should
be documented.

All tables and figures in the report should
have descriptive titles.

The report should have a table of contents
and an index of tables and figures.
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Appendix B

FINANCIAL/ECONOMIC CRITERIA

Cost and revenue data to be presented on an annual
basis in 1980 Canadian dollars.

Exchange Rate Cdn. $ per U.S. $: range of 1.11 to
1.17

Project life for a thermal station is 35 years.
Project life for other facilites to be based on in-
dustry experience or estimated separately. Data on
the thermal plant will be provided by B.C. Hydro for
inclusion in the analysis.

For comparative purposes an in-service date of 1989
should be assumed, if practical. However, cost and
revenue estimates should also be presented indepen-
dently of an in-service date, e.g. year -6, =5, -4,
-3, -2, -1, 0, 1, 2, 3, etc. (0 = in-service year).

Complete cash flows are to be provided for cost and
revenue estimates over the life of each development.
Operating costs should be broken down into major com-
ponents (BCH will provide power costs) on an annual
basis.

The analysis should be prepared to show the net re-
turn to the fixed resource, i.e. the coal, on a pres-
ent worth basis (present discounted value of revenues
minus costs). The estimation and reporting of net
present values will be related to the investment lev-
els that pertain to the particular coal use considered
in order to provide a more useful comparison.
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10.

11.

12.

These net present valueé can then be converted to the
net value of the resource under alternative uses on a
$/tonne basis. The opportunity cost of ccal in alter-
native uses will be an output and should not be inclu-
ded in the costs of any single process,

Discount rates to be used in the analysis: real rates
of 3, 6 and 10 percent. '

Coal costs will be provided on a $/tonne basis for
each discount rate.

The analysis should be in constant dollars. Escala-
tion of certain relative prices should be incorporated
if experience suggests these will be different from .
general inflation.

If a program is not already in place one should be de~
veloped to allow any recalculations based on subse-
guent revisions of estimates.

Sensitivity analysis should be performed on all major
cost and revenue estimates with a most likely scenario
bounded by high and low scenariocs. These will be es-
tablished in consultation with the client and will in-
¢lude such things as ranges for future product prices,
pollution control requirements and capital costs.

Taxes should not be considered in looking at project
costs and benefits. Tax regimes which will affect
final demand, e.g. methanol/gasoline, will have to be
taken into account. (cf. "Liquid Fuels from Renewable
Resources: Feasibility Study", Inter-Group Consul-
tants).
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13.

Depreciation should be taken into account only in
estimates of O&M operating costs.
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Appendix C

COMPUTER PROGRAM FOR ESTIMATION OF NET PRESENT VALUES

l.

INTRODUCTION

The program computes Net Present Values (NPV in ac-~
cordance with the Financial/Economic Criteria (Ap-
pendix B.) and certain other assumptions listed in
Section 6.

The program has general utility but,in this instance,

is arranged to provide specific outputs for the fol-
1bwing table of coal conversion cases.

The following description is intended to provide the
necessary information to use the program.

PROGRAM

The program has been written in Fortran IV and is

- operational on IBM-3033 computer system. It con-

sists of a main program and a subroutine by the
name REPORT.

Input is provided through Device No. 5 and output
through Device No. 6.

CAPABILITY

Given total capital costs of the four processes,
sales revenues generated, interest rate and coal
price, the program computes various economic para-
meters and the net present value for each of the
four processes and presents the results in the man-
ner described under Output Section.




SELECTED COAL CONVERSION CASES

Process Type Process Description Case Fig. Table

Direct Hydrogenation H-Coal Al Dl.1 3.3 !
8]

Indirect Liquefaction Lurgi (Max. Power) BS D1.9 3.4 1

Indirect Liquefaction Methanol (Lurgi) C5 Dl.16 3.6

Indirect Liguefaction M-Gasoline (Lurgi) D5 D1.23 3.7
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Each "case"™ thus consists of input for capital costs
and sales revenues associated with the four proces-

ses, interest rate and coal price. User can run as

many cases as desired (up to 25) at one time.

User can alsa exercise the option of printing either
the detailed yearly projection for 38 years or only
the net present value and corresponding input eco-
nomic parameters. There is a "switch" provided for
this purpose, which is set either on or off as de-
scribed under input.

NOMENCLATURE

Variable Mode Explanation

TOTCAP Integer DIMENSION (4)

TOTCAP (1) Total Capital Cost for H-Coal

o Process, $ million

TOTCAP (2) Total Capital Cost for F.T. Pro-
cess, § million

TOTCAP (3) Total Capital Cost for Methanol
Process, $§ million

TOTCAP (4) Total Capital Cost for M-Gaso-
line Process, $ million

SALES Integer - DIMENSION (4)

SALES (1) Sales Revenue for H-Coal Pro-
cess, $ million/year

SALES (2) Sales Revenue for F.T. Process,
$ million/year

SALES (3) Sales Revenue to Methanol Pro-
cess, $ million/year

SALES (4) : Sales Revenue for M-Gasoline

Process, $ million/year



RATE

COALPR

ISwW

ISEQ

Real

‘Real

lInteger

Integer

Interest Rate, %

Coal Price, $/tonne

Switch: = 1 : only net pre-
sent value and cor-
responding input eco-
nomic parameters
printed

Sequence Number of the Case

T R T T A 4 S i O S A e EE R A e




FORTRAN 1V G LEVEL 21 HALN DATE = Hlua3 15.h2.4% BAGE WOOL

: 0001 CUOMMON/PRSENT/CAP FAL sCUNINT, TUTCST yREVENU CUAL sPURER s CHEM, !
e e 1 WAIER<SULTDT ;OHDLABREPLAC yOPTUT 2GRMAGM s STAR I WURK ¢LASHS
I 2 DCF.VALUE
' o002 ,  ANTEGER_CABTAL yCUNINT s TOFCST sREVENU, COAL » PONER sCHEMs WATER,. . S I
' 1 SUBTOT,0FOLAG eREPLAC sUPTUT s LRMRGN, START yWURK yC ASHy DCF s VALUE .
(LU(E] . INVTEGER _TUICAPRs5aLLES o
: onng REAL LABOR,INCATL )
R |11 - MMJMMML&MM&IMKEMUU&“- i
1 CUALL30s4) sPONER{3044) CHEMEZ0 24) +WATER (30 o% ) SUBTUTI3044 )
L2 UHDLAB130s4 ) +BEPLACY 30240 OPTUN(3024) s GRMRGNI3A 441 3 START (41, - —
3 WURK{Z2:4)sCASHIBb 4} +DCFU3694) g VALUELS )
) o DIIMENSIUN_TOTCAP (4 )y SALESL4)} SCURLEDL 40 PERCAPS 8} y PERSALLAQ), . .
' L CCOPL4)sAGUAL4 ) pLABORL4) s INCATLE4] )
o00r . . _ _ DIMENSEON NPY125,4) s KAPTALE25.4) o AVENDI2S 9%} oRINT (2554 COLLE25,5)
R UATA PERCAP/Z.|5.|15-'20-p22..20_..10..60/
o 00u9 o DATA _PERSALZ50ag 15y 283100.7 et )
oo DATA CUALFD/ 35100 4663954,466474495170047
voll o DATA _CCOP/2045 100216002107 e
/ unlz DATA AGUA/Y.5517.913.T011.4/ : )
0013 . . . _DATA LABORZT00.,900.:T700.:800.7
oo l4 DATA INCATL/35.907.925.432./ :
! o5 .. — CUMMON/PRSENTZIVARS e )
wule DIMENSIDN IVARS{1800} "
o7 . .. COMMONZSHLICHZASM e
. C *«% INITIALIZE )
e @1 DO SO0 1 1425
oY DU 503 J = Llg&
' onzn __ NPYL1sJ)l =0 T |
ongl KAPTALII+J) = O
Wigz ___IVENDUL 9 = O .
. Lu23 RINT{l,J) = O. )
o2e CoLLi{lsJ) = O, .
w2s 503 CONFINUE - ~ .
( ony e 500 _CONTINUE_ [ ] }
C *%% READ THE PARAMETERS
oe 2l . AV _READ_(55100) _JUTCAPs SALES____ e
{ ozh 1 (TOTCAPI1).EQ.0] GO TO 900 )
Oues o READ (5,)u3) RATELCOALPRISWSLDEY
0N 30 10U FURMAT {blb) .
( TET 103 _FORMAT_{2E10.24215) N
Y32 DO 300 ] =1,4
. C *%% INLTIALLZE CUMMUN : e e
t 0033 0O 400 IN = 1,1800 )
andas 1VARSEIN) = O
00 35 : "400 CONTINUE
‘ 136 DU 305 ) =1,.8 S R )
037 CAPTAL{J,1) = TOTCAPUII*PERCAPIS)/1UD. + .5
0038  CUNINTLJs)) = CAPTAL{Jy1)*RATE/LIOU,. ¢ .5 - : - e
r 0 3y TUTCSTC el ) = CAFTALLJ g1} + CUNENT{J,1) )
UYL TR GKMRGNIJ,1) = O
ouhl OPTOTI,1) = O
, 0342 © 305 _CONTINUE —_ e e )
0uA3 U0 307 J = 9,38




TFURTRAN IV G LEVEL 21 MA LN DATE = uluss 15.12.44 PAGL LOUZ

0044 CAPTALIJ,1) = O
- ooes 307 CONTINUE
A TS DO 310 J = 1,30 ) )
onaT o REVENULIGR) = SALESIL)SPERSALLAIZ100, ¢ .5 s — '{ )
LY COALEJe )} = CUOALFRMOALFDRII*3II0 . PERSALIJIZLO.#*8 + 5
004y ) PONEREM1) = O : e e
™50 CHEME,1) = CCOPLID#PERSALIJIZL00, + o5 )
- 008y WATEAfJ 1) = AGUALLI®,449092489FPERSALIIIZL00, ¢ L5
sz SUBTUTUJeI) = COALIJs1) & POWERLJSE) ¢ CHEMIJ91) + WATERIJe1} )
0053 . o o DHULABL L) = LABURLL)®,0ZH _+ .5 ) )
S, REPLAGCIJoI) = 03*TOTCAPLLI) + .5
VUSS5 L JX = ¢ b
05 OPTOTLJIN,1) = SUBTOFIJoI} + OHDLAB(JE) + REPLAC(Js1} 1
e . .owesr L GRMBRONCJXe1) = REVENULJ.1) = GETUTISXsK)
wss 310 CONTINUE
WSy . —— STARTLI) = [COALCIoL}_ #» POWEREI AL + WANERLI,L})1/48. « — e —— )
1 TOTCAPII)/360. + INCATLIL) + .5
) onbuy . WORK{Llel) = _.5%0£2.%C0ALESel) ¢ POWER(3,1) ¢ CHEMIAL1) # . —_
{ 1 WATER(3,3) + REPLACI3,1))/12. + OL1*TUBCAP{L)) + .5 )
wnel | ___WORK(2:F) = WORK{1,.1)
one2 VALUE(L) = O
063 . -..DD_ 320 4 = 1,36 ST |
[T IF (J.LE.B) CASHUJsI) = —ICAPTALEJS,1) + CONINT(J,41)}
. 00b% L XE _1JeEULY ) _CASHUIsI ) = GRMRONLJY . 1)=STARTIZ)I=HIRKLLy L) - e e e
t Mpé IF (J.EU.10) CASHIJ 1} = GRMRGNIJ,1) — WORKi1l,1) }
- e 1F 1J.GE.11) CASHide1) = GRMAGNIIL1)
0068 DCF{ds1) = CASH(Js1) /11, + RATE/LUO. )¥¢J ‘ ‘
' 00869 —VALUELL) = VALUELL) & DCElJ, 1) - S
00 0 320 CONTINUE )
vl , e NPYLISEwsl) = VALUERL} . . ——
! 0wtz KAPTALUISEGy1) = TOTCAPLL) :
. ooy L __AVENOLISEQ.L) = SALESEL)
On T4 RINT{1ISEQ,1) = RATE o .
{ w75 .. —COLLELSEN 1) .= _CUALBR : S S
006 300 CONVINUE :
wore o — FE_LISNLEQLL)_CALL REPURT e
) g GO 10 10 !
w0 1 . %00 1F {)SW.EQ.1) GO 10 954
VORY DO 407 N = 1,4 '
( ol G0 _TO 1601 3602260360504 N - S,
Vb2 601 WRITE {6,701) )
oy 3 o 60 TG 610 - — e
{ Gnng 602 WR1TE 164702} ’ :
oons . 60 _T0 610 . -
©ibe 603 WRITE (64703}
et . -—GU_10 610 . : 3 '
0ubL 604 WRITE (69T704) ’ '
gy OlY WRITE {6,7U5) - -
f vuge T DO 410 M = 1,25 : )
Il o . BF {NPVIM N).EY.C) GO TO 410 )
o WRITE (GoT710) KAPTAL (M NIy IVENDI M N) o INT [ReN8 yCULL{M, NI} JNPV (N, N)
¢ vuYy3 T 4le_CUNTINUL PR
00394 407 CUNTINUE ‘
¥ ’
® e IR
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T FORTRAN IV G LEVEL 21 MAIN OATE = 81083 15.12 4% FAGE UUU3 )
0095 701 FURMAT {1H1//51X,"DIRECT LIQUEFACTION § H=COAL*//) )
e __ U096 702 FORMAT {1HA//32X.*INDIRELT LEUUECACUEON 3 FISCHER TRUPSGH Lu
IRGI (MAKE PUWER)*//)
o097 T03_FORMAT (3H1/Z37X. *INDIREGT LANUEEACTEON $ MEVHANOL _ LURGL {MAK 4>
1€ PUWER)*//)
00398 ._T04 EORMAT (1HL//36X,*INDIKECY LIQUEEACTJION_ 3§ M-GASOLINE LURGE (M . .
TAKE POWER)'//) ) ' !
o9y 703 ' ’ *RE ' TR 512170 i ,
1 *COAL PRICE?,TS0,*NET PRESENT VALUE'/T12,'% MM, 132,98 MM',153, ‘
o o ige ' 19548 MMUZ/) e
0100 710 FORMAT (T12,15,732,151T524F5.2T73,F5.2, 155, 15/}
0101 A 950 SyOp
0102 END )
. )
i e
B _ .
T )]
- A o )
_ T - ]
o )
7 Tt TT T )
e e p)
Ty
—_— : e e )
T
_____ _ - . )
. - - . e —
N .. —e
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o0l SUBROUTINE REPCRT '
e O0V2__ COMMON/PRSENT/CAPTALSCONINT» TOICST +REVENU 2 COAL ;PONER s CHEM .
| 1 WATER»SUTOT yGHOLAS (REPLAC sUPTOT oGRMRGN » START) WURK 4CAS Ho
‘ ... . _2_DCF.VALUE _— £
! onny CUMMUN/ZSWI TCH/ 1SW
onng . o INYRGER_CAPTAL JCONINTTOTCSEoREVENUCOAL » POHERCHEM WATEK — \
1 SUBTOT,0HOLAB,REPLAC (UPTOF sGRMRGNy START ¢WORK ;CASH, OCF y VALUE
Lo es o DIMENSION CAPTALIA3B4)aCUNMNTIHe4)TOTCSTEB.5) REVENUL U 4] .
L COALE30:4) yPONER (3044 ) yCHEMI 30 44 )y WATER {3044 ) SUBTUTL30,4)
. 2 UHOAABL3O0s4 )} REPLACE30+4) OPTOT L34 ) s GRMAGNLAD 4 ) s STARTIS) !
3 WORK(Zs#)eCASHIIB &) 4ULFI3604) s VALUELA)
LT Y e Dﬂ_bl)ﬂ 1l = L.% — .
0007 DO 520 1PG = 1,3 : '
- L0080 __ _ HWRITE 16.100) ]¢G
ey G0 TO l501|502'503u50‘0|l ) .
Oulo . . . 500 WRITE L6,1011) e}
T onll GO 10 510
o1z .. 502 WRLIE L6.102) e
‘ Y GD YO 510 1
- Lwol4 503 WRLIIE 164103)
oulLs GO TO 510 . ] o
0036 504_WRITE £64106) e )
w7 510 IF (1PG.EQ.3) GO TO 512
e — WRLJE_16,1G7) —_—— .
o1y GO TO 515 ‘ !
oz 512 WERLTE (&.1091)
o2} % IX = (1IPG-1)*l3 + }
' ou22 Wk = _IX_+ 12 _ — R, )
o023 IF [IPG.EU.I) JX = 3B .
24 . ___WRLITE foslEl}. (UK}, K_= AXeJX]) e
w2s IF 11PG.GY.1) GU TU 600 , )
ou2s o HWRITE (621k5) (CAPTALIK.])sK=1+0)
wzl HRITE {(65117) (CUNINT{Ks1)oK=l,b)
m2n L WRITE (6a11¥) (TOTCSTIKy L} yKEl48) - e~ )
eItz 600 IF (1PG—2) 601,602,603 )
0 30 60)_WRITE {6y121) _{REVENU(KsL) sK=135) T
oudl WRITE {6s150) : , '
w032 WRITE (6,123} (CUALCK BDgX=1s5)
033 WRETE (641250 (POWERIK,L)eRnl,e5)
iny34 __ MRITE_(63)27) (CHEM{RsI) K=lsb]) e )
(TIET) WRITE (6,129) (MATERIKE)sN=l,5) ’ :
LLTE L . WRLITE d6s131 0 {SUBTUTIKs])9Kn),5]) e o e
: w017 WRITE (6,133) {OHOLABIN, 1) K=145) . . '
... w3 WRITE (65135) (REPLACE(K,L) K=1,45)
(mr3y HRITE 'b'lf’" {OPI0TIK 1)K =v,13)
onag v e MRLIE _{09163) _(GRMBGNiK L) sK59e1 3} S T '
tal GO0 10 6lz . .o .
V42 602 WRITE {6,21%) : e _
43 . WRLTE (64217) )
L. L. 044 e WRITE {6,219)
(G2} WRLTE 169221 ) (REVENULKy1) K=ol 8)
' 0040 . MRITE_(63)%0) e e )
Ot WRITE {6,223) (CUALUKy2D K=641l) -
2
9 - e R,

G Eh TR . -" - - R .
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wohs WRITE (64225) (POMERIKe1),K=6,18)
e 0089 _____ __ HWRALTE 62270 ICHEMIKel)eS=bo18)
LTI WRITE (&4229) (WATER{K 1) 4K=6G418) _{
005) . —_HRITE (64231) (SUBTUTIKsl) +K=0s18) - i
o052 WHRITE $64233) {OHULABIK 1) sK=6,08)
ans53 . _WRLTE {64235) (REPLACIKs1)sK=4.18) .
0054 GD T0 &l¢C ’
— .. .b0s5 . 603 WRITE [©.:215)
w056 WRITE (64217) .
WOST . ___WRITE {6,219} -
ousy WRITE (6+221) (REVENULK,I)K=19y30)
sy . e WALLE (61500 -
0060 WRITE [05223) (COALIRy L) sX=19430) . ' )
ovel . . ___ _WRITE (Geg2b) (POWER(KsJhsK=19:30)
0ub2 WRITE (642271 (CHEMUR,1),%=19,30)
onel e NRLVE_£6s229) {WAJERCKsL)sK=19,30) e}
VU4 WRITE (643310 (SUBTOTEK, I} K=19,30)
065 e o NRITE (65233} (OHDLABLKa1),K=19,30) — -
V066 WRLTE (09335) {REPLAC(Ky1)sK=19,30) ] )
L0067 .. MREJE 16,343) {OPTUTIK.X).K=IXsdX} A
Uubh WRITE (693431 (GRMRONEKy 1) JKz=EXy dX} ' o,
[ o __WRITE_(65349) _{CASHIKs 1) oK=1 XX ] : I,
170 61G WRETE (64L41) (UPTUTIKSI)4K=1A,JX)
w71 o WRLTE {63143} _(GRMRGNIK, 1) sK=1KsJX) e
w2 612 IF (IPG.EQ.1} GO TD 615 )
N LU L & S WR1IE t6:334)
vuTh IF (IPG.EW.3) GO TO olv
0Ty S _GO. TO_6L7___. -— SR
00 14 615 WRLTE (64145} STARTLI)
7 o WRITE (64187 ) _(WORK{Ks1)Kk=12) e e e e
on7b 6107 HRITE (04149) {LASHUIK 1) o K=IXaJX) !
w079 _ ol% WRITE f6s15)) (DCFIK.Y)eK=EXyJdX)
B8N IF LLPG.NE.1) GO TO 520 ' _
vos1L . _-WRLTE fosl53) VALURLA)_ _ - —_——- _ ————e )
(IR2 520 CONTINUE
ud3 SG0 _CONTINUE e e
oUh 100 FURHAT (1H1//77745X,*BRITISH LULUMBIA HYDRU & PUMER AUTHGRITY?, K

- - ce L 3eXa THAGE = e )2//75%90y "HAT CREEK CUAL_UTALJZATIUN STUDY®
2 //56%y *ELUNDMIC ANALYSIL®/TS4e *CIN MILLIOMS UF DOLLARS)'/)

T 101 FURMAT_{51 X+ 'DIRECT_ LIGUEFACTIUN 3 H—COAL *//) )
oueb 102 FORMAT €32X, "INDIRECT LIGUEFACTION & F1SCHER-IROPSCH LURGE { .
o _LHMAKE_POMER)?//7) e
oung 103 FORMAT (37X, *INDIRECT LIWUEFACTION $ METHANDL LURGI (MAKE PO )
. e IMERY /S
0084 104 FORMAT (36X, *INDIRECT LIUDEFACTION $ M-GASUL INE LURG] (MAKE
o e APUWER)*//) - e )
wong 10T FORMAT [39X,13(03X, 'YLAR"))
vy 109 _FURMAT: [39Np12{3Xy "YEAR®}) S -
0091 111 FORMAT (43X412(12,5%X1.12) )
- w2 L15 FORMAT (/716 CAPITAL COSTS®,T40,812X,15)/) "
T 117 FORPMAT (16,9 IRTEREST CHAKGES ' ¢ T40,L(2X015)/)
0094 11Y_FORMAT _(ThOs "TUTAL CUSTS? o AUl eXel 50274 s e e e )
0ngh 150 FORMAT (/76, YOPERATENG CUSTSY//T1u,"RAW MATERIALS /)
2}
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0u96 160 FUKMAT (/711254 %ceneeyll)
e L0097 _12) FORMAT (To+*SALES REVENULS *x T96e 582X 150 )
| A T 123 FORMAT (TLO0, "COAL®,T96,502X, 151
‘ w99 125 FORMAL _[T10,°ELECTRICITY  T96.942X415)1) I | L)
' 0100 127 FURMAT (V104 *CHeMLCALS 'y T8, 512X 4150 ) ‘
. . otot , 129 FORMAT (10 SHATER®, 1462 502X 551) —_
olo0z 131 FURMAT (T12,*SUB-TOTALYsT96+512X¢15)77) )
oo _olod 132 FORMAT (130, °LARUR 6 DVEBHEAD® 2 [90,5124,151) :
o104 135 FURMAT {TL10, "REPLACEMENT®, 196, 5(2%,15)//7) .
o105 215 _FORMAT /716, *CAPLTIAL_COSTS' /) o ———— !
0106 21T FORMAT (7164 INTEREST CHARGES*/)
oL0r 219 FURMAL _(710.°TOTAL LOSTS //) . ‘
oloa 221 FORMAT Tos*SALES REVENUES®, T40, 1312X,15)) ' ¥
- ... 0109 223 FORMAT (110.°COAL*T40,1312X415})
0110 22% FORMAT (T104+ELECTRECETY "y F40e13(2Re15)) ‘
01} 22T _EURMAT _1TLGCHEMICALS 3 T40,13(2Xs151) _ D
o)12 229 FORMAT (TLO,"WATER®,T4Uel312X,415))
oL13 231 _FURMAL_{712,*SUB=TUlAL® s T40 L3L2X4 150740 : e
o114 233 FUKMAT (110, "LABOR & UVERHEADY ,T40,1302X415)) }
VIlS . 235 FURMAT 1710,°REPLACEHMENT®, Taued3lzX,1507/)
0Y1o 141 FURMAT {TostTUTAL OPERATING CUST® ,T40,0302%,15)/71)
LIy 143 _FORMAT_(Ta 3 LGROSS_MARGIN®, [40, 13 02X, 15044} e e )
0118 145 FUORMAT (T6,'START=UP LOST*yT¥bel5)
o1ty 147 FORMAT L To o "WURKING CAPETALY 4 T96+2(2X:15)/772) i e e e
¢ 0129 149 FORMAT (T64'NEV CASH FLOW® 2 T40,1312X,15)1/) )
. 012) . . ... 151 FORMAT 1Th,'DISCULUNTED CASH FLLM®,140,13(2X,19))
0122 153 FORMAT (//7164,'NET PRESENT VALUE®,142,415)
0123 161 FURMAT L1635 TUTAL _OPERATING CUST¥3T964512XKe15127) e e e )
0124 163 FURMAT {Tos'GROSS HARGINY; 196, 5(2X4150/77)
_ 0125 331 FORMAT_1TLZ2, 2 SU=TOSAL aT4Us 1202415077 ) . e .
9126 335 FORMAT (T10, *REPLACEMENT Y, T40,1212X, 29077} )
6121 | _ _ . 4] FURMAT {T6*TOTA. UPERATING COST®.T40,1212X,55)//7)
vize 343 FURMAT (T64%GRUSS MARGIN®, T40,12{2X,15)07/)
ot29 349 FORMAL _(T6,NET_CASH FLOW®:T40,0212X1502/)_ _ _ R |
0130 333 FORMAT (16 'START=UP COST*/To, "HORKING CAPITALY///)
o1 31 750 REIURN _— _.
' 0137 END ' ) . )
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INFUT

Varisble

Card No. 1

TOTCAP (1)
TOTCAP (2)
TOTCAP (3)
TOTCAP (4)
SALES (1)
SALES (2)
SALES (3)
SALES (L&)

Card No., 2
RATE
COALFR
ISW

ISEQ

Listing of example inputs for 16 cases with "switch" on and off follow:

Format

18
I8
I8
18
I8
18
18
I8

Fl10.2

Flo0.2
I5
I5

I P
' Columns

1-8

9-16
1724
2532
33-40
4148
49-56

1-10
11-20
21-25

26-30




208 4347 3117 3623 991 L060 919 1066
34 . .lo, [ 1
2050 5216 3740 4348 991 160 vT19 1066
_ e _1D. 0 2
3312 6521 4616 5435 991 1060 979 1066
3. . 10. 0 3 —
4416 8694 6234 7246 991 - lué0 979 1066
3. L 10, [ (] 4
2208 4347 3117 3623 892 954 Y 959
) 1. _ _10, Q 5
2208 4347 3117 3623 793 B4 b 743 Py
3. i 10. [{] o
2208 4347 3117 3623 595 636 587 040
3. 10. 1 1 -
2650 5216 3740 4348 892 954 861 »9
- 3k, .. _10a 0 8
2650 v216 3740 4348 793 T Tul VA b
3. . .10 0 9 -
2650 5216 3740 4348 595 636 587 V40 /
3. . 10, [ — _
a3t 6521 4676 5435 892 954 8ol 959
3. . _ _10, 0 __ 11
3312 6521 4676 5435 793 b4 b 743 ba b
3, 10, Q12 e
3812 6521 4676 5435 595 630 587 w40
3. 10, o__13 - .. —. ———— i
4416 8094 6234 T246 89z 954 881 959
_ P . 16, Q 14
aH16 8694 6234 7246 793 846 763 Ty
s 0. _O_ 15 ___ __ . __ _ __ e I —_— e -
T 8694 6234 7246 5v5 636 587 oh o
3. 10. U__ 1b e
0

TNPUT 0Z7H

SWI7eH OFF

Y S S D —— - . .. .. i e B e I R DEEaEE ek $ SEEEn s O Sk 0 R

I B



2208 4347 3117 3623 991 1060 9719 1066
I PR 1 1 3 e
2650 5216 3740 4348 991 1060 9719 Lubb
_ e _ 104 1 2
3312 6521 46706 5438 991 1060 919 1066
3. . _10. 1 3 —
4416 BO9% 6234 71246 991 1060 919 Luse
3. _10., 1 4 : —
2209 4347 3117 3623 892 954 881 959
3e_ . __.104 1 5
2208 4347 3117 3623 793 B4 783 bab
3, . .10 1 [N I
2708 4347 3117 3623 595 636 587 P
3. .10, 1 7 e
2650 5216 3740 4348 8v2 954 861 5y
Ae_ o _10. L B
2650 5216 3740 %348 793 0848 783 B4l
3. 10, 1 ? e
7650 szlo 3740 4348 595 636 5u7 640
A, 10, 110, N
M2 6521 4676 5435 a92 954 asl 959
3 . 10O, 1 11
3112 6521 4616 5435 793 Dol 743 o
3. _10. _ 11z . L )
3312 6521 4676 5435 545 636 537 &4U .
3. 10, 113 e . . _
4416 8694 6234 1246 892 954 861 959 )
. L3 o 10, 1. 14
4416 6694 6234 1246 793 e B 783 4D
3. 0e___ 1 __ 1% . )
4416 8694 6234 1266 595 636 587 t4u
3. 10, 1 1& s e e )
0




Te

QUTPUT

Output corresponding to the first of the 16 cases of the example input
with the "switch" on and that corresponding to all 16 cases with the
"switch" off follow:




T DIRECT LIQUEFACTION 3 H-COAL
[ s
.. CAPITAL__ REVENUE INTEREST COAL_PRICE NET PRESENT VALUE
! $ MM $ MM % 3 PER TUN $ HM
e e e . 2208 991 3.00 10.00 B4nl
2650 _ 991 3,00 10.00 7082 e
a2 99] 3.00 ‘ 10.00 H916
L. 4416 __ 991 200 10,00 9549
2209 892 3.00 10.00 7009
2208 193 3200 10,10 5535
. 7209 __ 595 3,00 1000 2583
2650 B92 3.00 10.00 6412 e
2650 _793 i _3.00 10.00 4934 . e e e m
2650 _ 595 300 ' . 10,00 1vhl
3317 892 3.00 10.00 : 5495 e
1312 193 3a40 10.00 4021 _ : -
. .32 59% 3,00 10.00 . 1076
4416 892 e 00, 10.00 3994 S
"416 793 2.00 10.00 2519 R -
. 4416 __ 598 23,00 10+00 433
QU7 LIZTH SeITcH OFF.
[ 2 e — - I

o ———— ———————— ——— ——_—— g1 bt i . & ket e e et e A eE et o e e e m mame a



INDIRECT LIQUEFACTION 2 FISCHER TRUPSCH

LURG ] (MAKE FOWER)

capivaL  __ REVENUE INTEREST  COAL PRICE = NET PRESENE VALUE
$ MM $ MM 3 $ PER TON + MM
s L R34T_ 1060 3.00 50,00 5117
5216 - _ 1060 3.00 100U 3wyl
6521 . 1060 3.00 10.00 2193
_ .. _ 8b%& 1060 3.G0 10,00 =114
4347  _ 954 o0 10.u0 1 _
4347 B4b A 00 14,00 Z019 e
. 4347 __ 634 3o 10400 1142
£216 954 3.00 10.00 2433 e e
5214 848 3.00 10.00 i -
_ .. 5218 f36 3,00 10,00 =23s7
6521 . 9254 3.00 10..00 als —
6521 848 1,00 10400 =S8 -
.. e 6521 A6 3,00 24,00 calzh
8694 954 3,00 10.0u =~2361 B} .
6694 L Y] 3.00 1000, =3940 -
- 694 636 3200 10,610 =1039

] e [ R R e B ol R S .




CAPIAL
$ MM

L} B ¥ A

3740

4576

. 6234

3117
317

Alir. .

. 3740

3740

L340

4676
46740
4676
6234

6H234

6234

INOIRECT LIQUEFACTIUN & METHANGL LURG] [MAKE POWEK)
REVENUE INTEREST COAL PRICE _ NET PRESENI VALUE_ R
s MM T $ PER TUN s MM
979 3.00 10,00 HLiBh
979 3.00 L1000 5945
919 3.00 10,00 8665 e
. 979 3.40 1000 rivayi
881 3.00 10.00 5324
783 3.00 10.00 asal S
) SAT 3,00 10,00 944
8gl 2. 00 10.00 44 85 [
783 3.00 10,00 024 -
- 587 2,00 10,00 107
881 3.00 10.00 3203 e
783 3000 10.00 1743 e
$B7 2,00 10,090 ~1175%
a8l 3.00 10.00 1068 [
783 3,00 10.00 =343 e e e
~ 587 2.00 10,00 ~3314




INDIRECT LIQUEFACTION I M-GASDLINE LURG] (MAKE PUNER)
CAPIVAL  _____ REVENUE INTEREST  COAL PRICE.. . NET PRESENL VALLk . - 1
$ MM t MM z $ PER TON $ NM
R 'YX S 1066 3,00 10,00 a0
434n 1066 3,10 10,00 5900 : e
Y435 1006, 3.00 10.00 4490 '
1246  _ ‘ 1066 I 10.00 2013
3623 959 3.00 10.00 5312 !
3623 . 848 300 12.00 3715 -

_ 3623 &40 3,00 10.00 445 ‘l
4340 i 959 3.00 10.00 4383 el )
4349 44 e 3,00 10.00. 2722 ‘ e
4348 __ 540 3.00 14,060 =344 '
54 35 959 3,00 10,00 2893 VD
5435 48 3,00 10.00, 1738 e

L5639 640 3,60 10.00 =157
7246 959 3,00 __ 10.00_ 419 e e )
1206 __Basd _ -3.00 10,00 ~12 44 ” —

1246 640 3, G0 10,00 ~4331
\
¥
)
1
U - e -




HE BN S0 U5 0 I SR O SN S A A0 B TS aGE A M B S
CITPUT wZ Tl SWTF7CH ON )

SRITISH COLUMBIA HYDRD £ POWNER AUTHORLITY : PALEL = |} _{ ,

HAT CREEK CUAL UTILIZATIUN STuDy

ECUNOMLC ANALYSIS

e e e i AN MILLIONS OF DOLLARS)
DIRECY LIWUEFACTAIUN 3 H—COAL )
i YEAR  YEAR  YEAR  YEAR  YEAR YEAR YEAR  YEAR  YEAR VEAR  YEAR YEAR  YEAR )
- - e 1 2 ; 3 4 S 5 1 B 9 10 b1 12 i3
. I
CAPITAL CUSTS vy 110 33l “h2 4hb k2 221 132
INTEREST CHARGES 1 3 10 13 15 13 7 & T )
o i TOTAL COSTS 45 113 341 455 s01 %55 228 136 N
SALES REVENUES 496 743 991 59k 991 _ . ,
OPERATING €OSIS
RAW MATER LALS S )
CUOAL . b3 9% Leb.___ léib . _. bzo . __
ELECTRICITY ' . v (7} v v u )
CHEMICALS 14 21 b 26 24
WATER 2 3 4 4 4
Sue-10TAL v 118 lﬁﬂ.--..l‘bd .. ho8 .
LABUR & UVERHEAD 55 v 55 T
REPLACEMENT b6 b6 6n 06 ob
. — e e )
105AL OFCRATING COST 200 239 279 219 19
e e
GRUSS MARGLN_ 294 504 112 71z 112
L o e i)
START-UE COST iy
WORKING CAPIT AL 26 24 e e )
HEV CASH FLOW __ —45__ =113__ =34l __ =455 _ =501 _ =455__=22v . =i3e 226 47 Tle _ __tae . a2 ____ )
OISCOHUNTED CASH_FLOW —43 _ =M0b6__ =337 _ ~40% _ =432 __-3Bl__ -18%__ -lu¥ 173 355 Sl4__ 49y __ aB4___
3
’ HMEL PEF SIHT VALUE U487 ’
® - R I : I )

OUTPUT IZTH SWITCH ON .




BRITISH COLUMBIA HYURO & POWER AUTHORITY

HAT CREEK CUAL UTILIZATION STUDY

ECUNUMLIC ANALYSIS
LIN MILEAONS OF OOLLARS)

DIRECY LIQUEFACTIUN & H~COAL _ N |
’ YEAR  YEAR  YEAR  YEAR  YEAR YEAR  YEAR YEAR  YEAR YEAR  YEAR  VEAR  YEAR B
. 14 15 16 iz 14 1% 20 21 22 23 24 25 26
o o N
CAPLIAL CUSTS
INVTERES T CHARGLES T }
TOTAL COSTS
e )]
SALES REVENUES 99l__._9¥L __ 991 9l 991 991 99)__ 991 __ 991 99i_ _ 99l ___ 9yl _ 9vl ___ . )
OPERATING (OSTS
RAW MATER1ALS — —_—— )
COAL 126 326 126126 __12a_ 120 __ l20__ 126 126 12a_ dza_ .. leb.__ Y6 ___ .
ELECIRICI Y (/] o M [ o 0 0 o v o @ v v )
CHEMICALS. 28 28 28 28 28 28 28 28 28 28 2h 24 28
WATER n 4 & 4 4 4 4 4 4 P . “ 4
SUB-TOTAL 158 158 156 __ __ 158 - 1S58 358___ )58 1S58 158 15G__ lb6_ A5k _. A% _ __ )
LAGUR € DVERHEAD 5% 95 55 55 L5 55 55 55 55 5% 55 5% 85 )
REPLALCEMEN] 13 06 (-1} 66 Y] [ b6 1 hb by By GO ub
. - ——_ _ I I )
TOTAL UPLRATING COST 219 219 219 219 219 219 41y 219 219 2Ty 2T% 219 21w
] e - — T T T T A
GRUSS MARGIN, 112 122 112 72 n2 12 11z 12 72 212 11z 02 11z
STARI-UP COST T
WURKING CAPI11AL e
)]
NET CASH FLUW 132 ne2 T2 12 1z rj ¥ 112 Jrz__ M2 M2 12 _m2_.nz___._ )
DESCOUNTED CASH_FLUMW 470 45T 443 430 ___ 4)B___ 4ub Y4 382 271 Gl a%b_.__a4U . 230 __.__ )
(<)




BRITISH COLUMBIA HYURO & POWER AUTHORILTY

PALE = 4 1
) HAT CREEK COAL UTILIZAVION STUDY R
ECONUMIC ANALYS1S )
o £IN MILLIONS OF DOLLAKS)
’
DIRECT LIQUEEACTIUN § H-COAL )
) YEAR  VEAR  YEAR  YEAR YEAR YEAR  VEAR  YEAR YEAR YEAK VtAR  YEAK )
L 21 28 29 a0 Al 32 13 34 45 3n Al 4o
e D
CAPITAL CUSTS
INTEREST CHARGES I
U7 0tAL TOSTS )
SALES REVENUES 991 991 991 921 __ 991 __ 991 99k 991 a3 491 __ 991 SY0 5
OPERATING COSIS ' '
RAW MATERIALS U
COAL . 126126 __ k26126 126 126____126__ 126 126120 ___ 26 Mx6..____ _ __ .
ELECTRICT ¥Y 0 o 0 0 0 0 0 o o 0 6 v )
CHEMICALS 28 28 23 28 28 20 21 24 28 28 = 2h Py:]
WA ER % 4 4 4 4 4 4 4 4 4 4 4
SUB-TOTAL 156__ 156156 158 158__ 156 158 A58 156 _ 186 IS Mie ... ... .. )
LABUR E OVEKHEAD 55 - 55 55 55 5% 55 55 55 55 55 v% by )
. REPLACENMENT bt &b &6 [+Y- L. (1] b [-Y-] 66 b _ -1 (Y5Y
: - . e )
TO1AL NPERATING COST 219 219 21v 219 21y 219 219 219 219 <19 299 49
e
GIUSS MARGIN 72 712 M2 N2 W2 2 712 702 W2 TR 112 Tie
S )
NET CASH FLOW T2 11z 112 Tz iz | 2 112 712 Tiz - 112 11z 112
- . e
TUTAL UFERATING COST 2719 2319 z19__ 219 213 21y 299 279 213 ¥y 299 21y
GROSS MARGIN Iz 11z Tiz 712 712 712 Tz Tz Tle 112 11z 12
STARI-UP CUST _ S |
WORFING CAFLIVAL
e
DILONINIED CASH FLOW 320 311 3uz 793 2b4 216 268 260 253 2ub 25L 23l

e e @




T T . BRITISH CULUMBIA HYDRO L POWER AUTHURLTY PAGE = 1 41
b ) HAT CREEK COAL UTILIZATION STUDY
) ECONUMIC ANALYSIS !
- - LIN MILIAONS OF DOLLARS)

ANOARECT LIQUEFACTION » FISCHER-TROPSCH  LURGL IMAKE POWER]) —- ——

YEAR VYEAR VYEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR  YEAR  YEAR  VLAR 3
— - — e 1 2 3 5 ] & T B 9 14 11 1e i3
o )
CAPLIAL COSTS 87 217 652 869 956 869 435 261
INTEREST CHARGES 3 7 20 26 29 26 13 8 N
" {OTAL COSTS 90 224 o712 a5 985 895 448 269 . ,
SALES REVENUES 530 T95_ __M06U___1ie0. . 060 . y
 _OPERATING COSES
RAW MATER BALS : [ |
LOAL R 114 fos__ 20y 239 . 219_. .
ELECTIRICITY v v v w “ )
CHEMICALS 5 8 10 10 19
WATER - “ b b b o
¢ SUR-TOTAL 11% AT8. ___233__.. 2348 _ 231 )
i LASIR & OVERHEAD : 70 70 M T N
REPLACEMEN] I 130 da0  lav 30
IOTAL OPERATING COST 31y 378 437 YY) 43l
‘ e e
GRUSS MARGIN 21} 4\l i3 6id__ o23
' - - - — . . r —————  — '
STARI-UP COST 3%
WORKING CAPITAL 44 4b e e - e )
[
f NET CASH FLOW _ =90 =224 =oT2 =495 =985 -—h%h __ —44u _ -26% 13} ar} i3 .. . b2y 63 __ . )
NISCOUNTED CASH_FLUW 87 =211 ~6lé __ =795 _ -04Y ___=T&v __ -—364__ =212 100 Py I 45y A36 . _ 4ew 5
: ) .
" WFI PRELERT VALUE 177 -
) . — - . -




BRITISH COLUMBIA HYDRO & PUWER AUTHORITY PALEL = 2

HAT CREEK COAL UTILIZATION 5TUDY

ECONGMIC ANALYS1S

£1N MILLLONS OF DOLLARS)

_INOIRECT LIGUEFACTION 3 EESCHER=TROPSCH ~  LURGI (MAKE POWER) —

YEAR
14

YEAR

15

YEAR YEAR YEAR

ia i1 18

YEAR YEAR YEAR YEAR YEAR Y AR YEAR YeAR

19 21 21 22 rxY 24 2% ib

CAPIIAL LOSTS

INTFRES T CHARGES

" TOTAL LOS IS

SALLS REVENUE S

10601060 ___1060 1000 1060 1060 1060__ 1060 1060 _M060__ 1Uéu _ awbb . lubu _

UFLRATING COSTS

RAH MAVEH LALS

coaL 219 2% 219 219219 ‘219 21y 219 209 214 __ _2dv___ 219 . _20% __ ..
ELECTRICITY o u o 0 0 o o o o o 0 0 0
 CHEMICALS 10 10 ju 10 10 10 10 10 19 10 10 1w 10
WATER 8 B ) ™ o u b o W o b b b
SUB-TOT AL 237 237 237 23T 237 23T 23% AV 251 237 231 zdl.._ 23V.. ..
LABUR & (VERHEAD 70 70 70 70 70 70 70 70 70 u 70 e e
REP LACEME NT 130 130 130 130 130 130 130 130 Liv 13 13u__ 1su 130
TOVAL GFERATING COST %31 437 431 437 437 «37 437 437 437 437 431 43t a3zt
) GROSS MARGIN 623 623 623 ___623 623 623 o023 623 623 623 623 Ged___wesd

START-UP COS1
HORKING CAPLIAL

NET CASH FLUW

NISCOUNTED CASH FLOW

411

3y

623 | 623 623 623 643

—388 376 365

623 623 623 623 [ ¥¥ ) 623 623 . L2y __ __._

355 EL L 334 E¥s 315 Wo_ __ vl ___abb___




. T T BRITISH COLUMBIA HYDRO & PGWER AUTHURITY PAGE = 3 1)

' . —— o m= ———

P ) HAT CREEK COAL UTILIZATION STUDY

ECONDMAC ANALYSIS

- S (AN MILLIUNS OF DOLLARS)
INDIRECY L XQUEFACTION & FESCHER-TROPSCH LURG]. {MAKE PUWER) b
YEAR YEAR YEAR VEAR YEAR YEAR YEAR YEAR VYEAR VEAR  YEAR YR )
- - A1 28 29 ____al a2 43 b 1Y kT y BN, |
. . o _ }
CAPRIAL COSTS
INTEREST UMARGES R |
’ IVTAL CUSTS
f e )
SALES REVEINUES 10601060 _ 3060 106U___J0o0 ___1060__lucu__ 1060 _ 10601060 1060 _JUSD_ . _ ;
. .
NPERATING CUSTS :
' RAW MATER JALS — e o)
oAl 259 219 219 219 2% 219__ 21y ___ 2}Y 209 20w 1Y 20y ___
' ELECTRICITY 0 0 0 0 M 0 o v ") v u v )
... __.EHMEMICALS 10 10 g 10 10__ 19 U RS U MRS U M T 18 19
. WATER M 8 o 8 8 8 ) [} 8 [] 9 b
( . SUB-TORAL 23} 23y 237 231 __ 23y 231 _ 231 237 _ A1 233 231 23 __ . ___._ __ )
LABUR L OVERHEAD 70 70 0 70 70 70 70 70 70 T 70 ™ )
- ... REPLALEMENY 130 130 130 130 30 )W 330 130 130G B G PAu_ . Adw
INTAL NPERATING COST 4317 437 437 437 437 437 %37 437 37 431 437 Y
T O
GRUSS MARGIN 623 623 623 623 623 623 3 y ; 232
NED CASH FLOW 623 ez3 623 23 oZ3  s23 623 423 623 ee»  e23  ees '
TUIAL OPLRATING COST 437 437 %37 437 437 437 437 437 411 437 437 447 N
GROSS HARGIN 623 t23 623 v23 623 023 b23 623 bes PYT 6l bl
STARI—UUP COST o -
WUORKING CARITAL -
1 - - [N T T -
' . : PISLOUNTFD CASH FLOW 2807 272 264 256 249 241 3¢ 220 221 zi4 g4 202 _
______ e R




T BRITISH COLUMBIA HYDRO & POWER AUTHURILTY PAGE = ] 1)
HAT CREEK COAL UTIL1ZATION STUDY
T ECUNDRIC ANALYSIS oo
..... - LIN MILLAUNS UF _DULLARS)
INDIRECT LIGUEFACTEION 3 MEYHANOL _  LURGI__{MAK& POWER] e )
YEAR  YEAR  YEAR  YEAR  YEAR  YEAR  YEAR  YEAR  YEAR  YEAR  YEAR  YEAR  YeAw )
R . S 1 < 3 & 5h 6 1 H 9 10 il 1z i3
L . )
CAPIIAL COSTS 62 156 468 623 b6 623 312 187
INIERES | CMARGES 2 5 14 19 21 19 9 Py T
T0TAL COSTS 64 16l 482 642 107 o4 3zl 193 )
SALES REVENUES 490 134 WAy Y19 . IV . .. ,
_ DPERATING COSTS
RAH MATER [ALS.. _— .
CNAL . i1 119 L5%% 154 _ _ A% ..
ELECIRICITY . [\] 7] (V] V] [}
 CHEMICALS.. 8 iz 16 16 ia
JATER 3 5 o o o
SUR-TUF AL o8 132 RTe___1Te. __ ATo. . _ ]
LARDR & OVERHEAD 55 L5 55 %5 &3 )
REPLALEMENT G9 94 94 v4 94
o L e e )
TOTAL NPERATING CUST . FEY) 81 32 325 325
T I |
_ GRUSS MARGIN _ 293 4%3 ohé n44 w24
L o R
STARV-UP LiKSY ar
WIMKING CAPITAL a3 33 e e e )
MET CASM FLOW —b4 ___~1b) __—482 642 =~TUT__ —b42 __ —321 -193 183, 4240 654 Qb4 . 654 | )
BISCOUNTED CASH _FLUW =62 . =15k __~44) =970 _ =603 =53F  —‘lel___=152 L4u 3L 472 454 _44b_ .
MET PRESENT VALUE 6786




BRIVISH COLUMEIA HYDRD & PUWER AUTHORIVY

PAGE =

M N

HAT CREEK CUAL UTILIZATION STUDY

ALN MULLAIONS OF DOULLARS)

ECUNOMIC ANALYSLS

INGIRECT LIUUEFACTION 3 METHAMGL  LUKGL (MAKE PHWER}

YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR  YEAR  YEAR  YEAR  YEAR
e 14 15 16 17 14 19 20 21 22 23 24 25 26
CAPITAL COSTS e
INTERES T CHARGES e e
" OV AL CUSTS
SALES REVENUES 9Te. YTy 919 919 9719 97y 979919 919919 919 __wiv_.. 919y _
DPERATING CUSTS__
RAW HATER IALS ’ .
COAL. . 154 154 ___ 154 1% __ A% 154 154 154 15 1% Ab& . iv . _ L5 .
ELECTRICATY v 0 o ° 0 0 0 ° 0 0 0 0 0
CHEMICALS l& Ly 16 16 ) - L& l& 14 & 1o I TH ib ‘16
WATER 6 6 IS 6 6 6 6 s 6 6 ° 6 v
SUB—TUTAL _ 176 276___ 176 _ 2176 _AT6___ 3AT6___1%6____1T6___d16____ATo_ _Ll6____Llo .. 1le6.
LARGR € DVERKEAD 55 55 v% 55 55 5% 55 55 55 %5 85 sy 8%
REPLACEMENT 9% 94 94 94 9 94 9 W 9% ____ 34 ™ 4 .
T0TAL OPERATING COST 325 325 325 3¢5 325 325 325 325 325 325 3i5  5¢s  aew
. GRUSS MAKRGIN 5% 654 654 654 654 054 654 654 054 654 654 Gbéy b4
SIARI-UF COST e mte
WORKING CAPLTAL_ e B
WET CASH FLOM 65% b54 311 654 654 654 654 654__ _654 LYY & 54 054 _od4 . _
DISCHUNTED CASH FLUM 432 _ 419 401 a9 Ibh 372 36¢_ 351 41 230____3zh____3lc. . 3d___ .




BRITISH CULUMBLA HYORO €& PUNER AUTHORITY

rALE = 3

4>
B HAT CREEK COAL UTELIZATIUN STUDY
- i ECONOMIC ANALYSIS )
e - - - JAN MILLIONS OF DOLLARS]
. - JNDIRECT LIQUEFACTION ¢ METHANOL  LURGI (MAKE POMER) )
YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR  YEAR )
L R 21 28 29 40 al 3z 33 34 35 38 ar T
CAPITAL CUSTS
IHTERES T CHARGES e
T JoraL CosTs
e e e e )
SALES REVEMUES 979 219 919 __ 8§19 929 979 919 979 919 Y19__ wlv wtv. . . )
. UPERATIHG COSTS !
RAW MATER 1ALS B . e )
coAL. 15 154 L5 154 154 154 154 US54 154 154  _Ab4___ M54 ... ... _.. . .
tLECIRICL TY 1] v 0 0 1] o [ ¢ v 0 u J 1
CHEMICALS 16 16 16 16 16 16 1 16 lo iy lo Li
WATER [ [ [ ] 1.9 & [ [ [ [ b -3
SUL=TOT AL 116 176 176 176 o . ATe__ 1T ___1Te___ AT _ . 1T7o Ao __ W16 _._ .. . .. )
LAHOR & OVERHEAD 55 55 55 55 557 55 55 55 55 55 55 --85 )
B REPLACEMENT 9% 94 9 94 94 w4 L) 94 9% 94 94 94
. e — b
TUTAL UPERATING COST 375 325 325 a2s 325 325 35 32s 3¢5 325 325 3Z%
, B Ty
GRHSS HARGIN 654 654 654 654 Sy Eb bb4 654 654 by 654 bh%
o - i} ] e i
NET CASH FLOW 054 654 654 654 bt 654 054 654& 654 654 oby 654
- . T Tt T - )
10FAL PERATING COST 325 425 325 325 325 325 325 azs 325 EVE) azh Iy
GROSS MAKGIN 654 Yy 654 o4 by b4 w54 654 b P obi 054
svA0y-yp cosy  _ e }
WORKING CAPTTAL
e
DISCOUN IED CASH FLDW 294 245 2717 Z69 261 253 240 239 z3¢ | 225 219 24d v




v T e BRITISH COLUMBIA HYURD & PUMER AUTHORLTY PAGE = L
{
: HAT CREEK CUAL UT1LIZATION ST1UDLY
ECUNDMLIC ANALYS1S )
. INDIRECT. LIUUEFACTION 3 M=GASOLINE _ _  LURGI {MAKE POWER) e
: YEAR  YEAR YEAR  YEAR  YEAR  YEAR  YEAR YEAR YEAR  YEAR YEAH  YEAK  YEAR
- e e L 2. 3 & 5 Y 1. ] 9 Lis bl L2 13
CAPITAL COSTS 72 181 543 725 191 125 362 2117 T T
‘ INTERES T CHARGES 2 [ lo 22 24 22 11 1 T
TO1AL COSTS 14 186 559 147 821 T47 313 224
{ e e e -
SALES REVEMUE S 533 BUO J0os  JOue_.. 106, .
¢
_OPERATING .COSIS.
' RAW MATER IALS _ - ) .
COAL - b5 izh 111 A1k . . all .
‘ ELECIRICITY 0 v u 0 0
_CHEMICALS 11 14 21 z1 21
WATER 3 “ 5 5 5
SUB~TOTAL ___ L) LY D LY SN LY S LY
‘ LADUR & OVERHEAD - a 62 o ci . 62
REFPLACEMENT 10y vy luy 1us iUy
' ] e
TUVAL OPERATING COST . Z10 319 sob v Jod
_ GROISS MARGEN 263 LY H LY8 Lyh B
START-UP CO5T - - T ae - i T
WURKING CAPITAL _ —— I 3w . -
' NEY CASH FLUMW =14 —MB6 =559 =TT 62N -TAT =3T3 =224 M9 __A43___ Y6 _b6YD _ 6Y6
NISLOUNTED CASH FLOM =13 __=L15__ Bll __—6bs__~Tvb__ —62% _~3ui  -116__ 137 329 LUk 4u% ___ 4T> . _
q
161 VRESEMT VALUE 6970
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BRITESH COLUMBLIA HYODRU & PUHWER AUTHORITY

PALE = 2

HAT CREEK COAL UTILIZAVION S5TUDY

ECONUMIC ANALYSIS
fIN MMLL1ONS OF DULLARS)

v

INDIRECT LIQUEFACTION 3 M-GASOLANE =~~~ LURGL {MAKE POWERL

YEAR
) L

YEAR
A5

YEAR
1o

YEAR
AT

YEAK
lb

YEAR
19

YEAR
rdi]

YEAR

21

YEAR
22

YEAR
23

Yo AR
24

YEar

L5

YeAR
26,

CAPITAL CUSTS

INTEREST CHARGES

" TUTAL COSTS

SALES REVENUES

OPERATING COSI1S

1066 1066 _ 1066 1066 1066 1066  1U66 1066 . M06G . LOeb .. IV JlUub __ lUuo . _ ...

RAW MATER LALS

COAL ) 5 W T J WDV ' ) WD & 5 WO & J DR & ; JUNS & ) NN & § UUN | J VEN & ) W ¥ ) G ¥ ) — .
ELECIRICETY 0 o 0 o, 0 o M v 0 0 v m v
CHEMLILALS 21 21 21 21 21 21 21 2L 21 21 z1 20 21
WAIFR . 5 5 5 5 5 5 5 5 5 5, 5 5 5
SUB~FUT AL 197 197 19F 19T A9l 191 191 191 197 1wl A9id_ . Lwl 197 .
LARUR © UVERHEAD 62 62 62 62 62 62 62 62 o2 o2 62 0z 62
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Appendix D

COAL PROCESSING PLANT - OVERALL PERFORMANCE DATA

L. COAL PROCESSING

1.1 Basis of Process Selection:

The discussion of general technical considerations in the

preceding sections indicated that the available methods of ,
utilizing Hat Creek coal included manufacturing the following:

a)

b)

c)

Principally solid products.

Combustion fuel for thermal power generation.

Conversion to solvent refined coal by hydrogena-
tion under high severity conditions.

Principally liquid products including:

Conversion to liquid forms by hydrogenation under
suitable conditions of high severity.

Conversion of synthesis gas produced from coal to
liquid forms by Fischer-Tropsch and methanol process
technologies.

Pyrolysis of coal to produce tars, oils and residual
char for subsequent use.

Principally gaseous products including:

Conversion to "low BTU gas" based on gasification
with air.

Conversion to "high BTU gas" based on gasification
with oxygen.

Conversion to Substitute Natural Gas (SNG) by meth-
anation of high BTU gas.

The use of the coal as combustion fuel for thermal power
generation is outside ths scope of this study. For the

other selected processes in the above categories material




and energy balances have been estimated based on producing
approximately 316.5 TJ/d (equivalent to 3663 th or 50,000 BPD
petroleum derived fuel oil) of energy products, exclusive of

energy value credit for byproducts sulfur and ammeonia.

The major focus of attention in this study is cocal conver-
sion to liquids and solids by direct hydrogenation and in-
direct methods in which the coal is first gasified. Sources
of data related to the direct ligquefaction of Hat Creek Coal
were as follows:

i) H-Coal process data is based on a recent study of
that process published. by EPRI* and based on data
provided by the developer, Hydrocarbon Research
Incorporated [Ref. 29]. That work has recently been
amplified in additional studies funded by EPRI [30-33].

Hat Creek data estimates for the Exxon Donor Sclvent

-
-
S

Process are based on application of the process to
Wyodak coal, a western USA sub-bituminous coal, as
published in reports on work funded by the Department
of Energy (USA). [Ref. 37-38]

1ii) Data on the SRC-II (liquid fuel product) and SRC-I
(solid fuel product) are based on studies performed
by the contractor in connection with the Northeast
Ccoal Utilization Program NECUP. [Ref. 34-36]

The SRC-I and SRC-II processes are not generally con-
sidered to be suitable for processing coals of the

Hat Creek type. However studies by NAMCO indicate that
Hat Creek coal is a reactive variety which is possibly
suitable for conversion by the SRC type brocesses

[Ref. 16]. Recent discussions with the process developers
indicate thét SRC type technology is applicable to sub-
bituminous coals of Wyodak type.

*PPRI - The Electrical Power Research Insititute, Palo Alto,
California.
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The various processes referred to above related to direct
coal hydrogenation are described in the following report

material.

The sources of data related to indirect coal liquefaction
were as follows: [Ref. 39-56]

i) Private files and estimates of cost and performance
data for methanol manufacture and Texaco gasification.

ii) Published sources and previous studies for B. C. Hydro
on Fischer-Tropsch technolegy and Lurgi gasification.

iii) Recently published data on use of Winkler gasification
applied to lignites in the manufacture of methanol.

iv) Data on the gasification of sub-bituminous coals by the
Koppers process as published by Koppers.

v) Concepts from the literature such as combination methods
where the Lurgi process is used as the primary method
and coal fines are disposed of in Texaco or Koppers
type gasification units.

vi) Data on the Methanol to Gasoline (MTG) process reported
in work funded by the Department of Energy.

The sources of data employed in estimates of the wvarious
processes for coal gasification (Texaco, Lurgi, Koppers and
Winkler) and thcose for conversion of synthesis gas to liquids
{(Fischer-Tropsch, Methanol and Methanol to Gasoline are ref-

erenced in the report and Appendix D.

The list of processes or combinations of processes selected
for evaluation are tabulated as follows: (Table D1.1)



Table Dl.1 Processes Selected for Evaluation

Appendix D
Process Type Process Description Case Figure Table
A. Direct hydrogenationk H-Coal : Al Dl.1 3.3
EDS . A2 D1,2 3.3
SRC-I1I Al D1.3 3.3
SRC-1 Ab Dl.4 3.3
B. Fischer-Tropsch synthesis Texaco gasification Bl D1.5 3.4
Koppers gasification B2 Dl1.6 3.4
Winkler gasification B4 Dl.7 3.4
Lurgi (Sell Fines) gasification B4 Dl1.8 3.4
Lurgi (Maxiwmum Power) gasification BS pl.9 3.4
Lurgl & Texaco combination B6 D1.10 3.4
Lurgi & Koppers combination B7 D1.11 3.4 o
1
C. Methanol synthesis Texaco gasification Cl Dl1.12 3.5 -
Koppers gasification c2 D1..13 3.5
Winkler gasification c3 D1.14 3.5
Lurgi (Sell Fines) c4 Dp1.15 3.5
Lurgi (Maximum Power) c5 D1.16 3.5
Lurgi & Texaco combination C6 D1.17 3.5
- Lurgi & Koppers combination c7 pl.18 3.5
D. Methanol to Gasoline Texaco gasification 131 D1.19 3.6
Koppers gasification D2 D1.20 3.6
Winkler gasification D3 Dl.21 3.6
Lurgi (Sell Fines) D4 D1.22 3.6
Lurgi (Maximum Power) D) . 'DL.23 3.6
Lurgi & Texaco combination D6 D1.24 3.6
Lurgi & Koppers combination D7 D1.25 3.6
E. Production of synthetic Methanation based on Lurgi El- D1.26 3.7

natural gas (SNG) gasification

*Cases Al, A2 and A3 produce liquid fuels and Case A4 (SRC-I) produces mainly clean solid boiler
fuel by hydrogenation.




For the cases enumerated under the above studies, A, B,

C and D, overall material and energy balances were esti-
mated bsed on the avilable information for the various
component subprocesses of which they are composed. Block
flow diagrams, showing coal, air, water and power reguire-
ments and product rates, were drawn. Concise performance
diagrams showing yields based on the energy in one tonne

of coal were developed from the estimated overall perfor-
mance data. This data is summarized in Figs. Dl1l.1 - D1.26.
and Tables 3.3 - 3.7*_of the Report on the basis of coal prop-
erties summarized in Table 2.2* of the Report corresponding
to the "As-received-corrected" basis.

In order to permit economic studies to be performed, capital
cost estimates were also made for the various cases listed
above. Literature and file cost data on the various proces-
ses and component subprocesses apply to different capacity
plants at different points on the escalation curve. For
each case adjusted estimates were prepared applying to a
plant capacity of 316.5 TJ/d of products or 50,000 BPD Fuel
0il Equivalent (FOE), in 1980 Canadian Dollars.

Wherever possible, contingencies and safety factors have been
eliminated from the estimated data; only basic erected plant
costs are estimated. Capital costs are indicated to be "with-
out adjustments" meaning that interest during construction,
owners costs, working capital, starting costs and similar
items are not included in them. It is intended that the sen-
sistivity analyses be employed to assess the impact of wvari-
ous levels of contingency on the economic feasibility of the
project. The addition of commonly assumed contingency levels
to the quoted cpaital cost figures will elevate the costs con-
siderably (See Tables 3.3 - 3.7 ). Economic assumptions are
discussed in detail in Section 5.

L3 .
See Chapters 2 and 3 of the Report




Direct Coal Liquefaction

The H-Coal Process
Hydrocarbon Research Incorporated - Developer

Fig. Dl1.1 is a diagram of a feasible H-Coal process confi-
guration. Other confiqurations may be preferred for use

in liquefaction of Hat Creek coal. Feedstock coal is'pul-
verized and dried in the coal preparation area. From coal
preparation, the coal enters the coal hydrogenation {(ligue-
faction) area.

Coal liquefaction typically comprises facilities for slur-
rying the coal with recycled oil, pumping coal-oil slurry
to about 13.8 MPa, mixing it with hydrogen, heating it to
about 460°C and hydrogenating the coal in an HRI-designed
ebullated bed reactor to produce coal liquids. The ebulla-
ted bed reactor contains a turbulent fluidized bed of catal-
yst pellets which makes it suited for use in coal liquefac-
tion since it has less tendency to plug thaﬁ fixed bed re-
actors. Product from the coal liguefaction area is separa-
ted into gaseous and liquid fractions.

The gaseous fraction of the product stream passes through a

sweetening and hydrogen recovery unit. From the gas treating
-area, desulfurized product gas passes intc the fuel gas

system.

The liquid fraction of the product stream passes into a pro-
duct separation area where lighter liquids vaporize and the
liquid stream is divided into two parts in hydroclones.

Hydroclone overflow containing the lower solids concentration

is recycled to the coal ligquefaction operation (hydroclone
system not shown in Fig. D1.1).
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Hydroclone underflow with higher solids content, containing
the net mineral residue and undissolved coal fed to the
reactor, pass into the solids separation area of the plant.

If hydrogenation is severe and the plant produces synthetic
crude oil, it will be feasible to distill product liquids
and produce a solids rich residue for feed to the hydrogen
unit referred to as Vacuum Tower Bottoms Slurry (VTBS). Pro-
duct distillation under vacuum may not be feasible in the
case where the boiler fuel production is to be maximized;
where use of a process such as solvent de-ashing will be
necessary due to the higher beiling nature of the product.
Filtration would be a candidate process for application in
solids separation but because of its associated mechanical
problems and high cost, filtration is avoided in the H-Coal

process.

In solvent de-ashing, a paraffine hydrocarbon called anti-

solvent, is added to the hydroclone underflow where it
causes the precipitation of a small quantity of "sticky"
asphaltenic material. The precipitated material assists

in agglomeration of the solids which are separated in set-
tling tanks. It is anticipated that the liquid decanted
from the top of the settling tanks will contain approximate-
ly 0.1 percent (weight) solids after anti-solvent separation
from it. )

The feed to the hydrogen plant is the solids containing
stream from vacuum distillation or solvent de-ashing depen-
ding on type of product and residue separation. The Texaco
Partial Oxidation Process is widely assumed to be used for
this service. ’

For this study of Hat Creek coal, severe hydrogenation leading
to the production of upgraded synthetic fuels is the basis of
study. )

g e




Exxon Donor Solvent (EDS) Process
Exxon - Developer

The Exxon Donor Solvent Process, illustrated in Figure D1.2A
employs technology which in areas other than that of coal

liquefaction is used in petroleum refining. The processing
sequence provides flexibility for liquefaction of different

coals and control of product distribution based on market

demand. It is not possible to draw up a detailed comparison

of EDS and H-Coal operations on Hat Creek coal at the time
of writing using data which is in the public domain.

In liquefaction, coal, solvent and hydrogen are reacted to
produce gas, coal liquids, and a bottom stream containing
the unreacted coal and mineral matter. The liquefaction
liquid product is separated by distillation and the sepa-
rated recycle solvent is catalytically hydrogenated in the
solvent hydrogenation block to produce a specially active
coal liquefaction solvent. Bottoms for distillation are
subjected to coking to produce additional liquids. Hydro-
gen or fuel gas are produced by gasification of the coke
produced as the other product of coking.

The EDS process uses a hydrogenated recycle solvent called
the donor solvent. An example of the donor solvent molecule

- is tetralin. Figure D1.2B illustrates how tetralin donates
hydrogen to free radicals formed by the disintegration of
the coal during liquefaction and is converted to naphthalene.
Naphthalene converts back to tetralin in the -solvent hydro-
genation step. Tetralin is one of many molecules which donate
hydrogen. Ability to donate hydrogen is not the only criteria
of coal liquefaction solvent characterization. The solvent
transports coal into the liquefaction reactor and promotes
dissolving of the coal particles. The composition of the
recycle solvent is an important variable in the process.
Exxon has characterized the quality and defined the molecu-
lar composition of preferred solvents as part of the
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foundation pilot work supporting current proposals to
demonstrate the process.

Current EDS developments include introduction of a residue
recycle step which diverts material from coker feed back

to the coal ligquefaction reactors, thereby increasing con-
version and improving product guality. Residue may be gas-

ified rather than coked in schemes more closely analogous

to that described in the H-Coal process description. Vacuum
bottoms recycle is indicated as a dashed (future) feature

of the EDS process. With the use of vacuum bottoms recycle,
the EDS process will be competitive with other processes

and exhibit similar or superior efficiency, capital cost,
hydrogen consumption and product quality.

SRC-II Type Technologv
Gulf 0il - Developer

Figure D1.3 is a diagram of a more recent solvent refined
coal process developed by Gulf 0il and designated SRC-II.
The primary product of the SRC-II process is a low-sulfur
distillate boiler fuel o0il. Detailed comparisons of this
processes applied to Hat Creek coal is not possible at this

time.

SRC-II process technology is founded upon the recognition
that mineral matter inherent in coal is capable of catalysis
of coal liquefaction. The SRC-II process has the same range
of flow schemes accessible to it as those of the other direct
liquefaction processes., For Hat Creek coal, assuming satis-
factory indigenous mineral catalyst properties, a scheme like
that shown for the H-Coal process will probably be feasible.

The SRC-II process does not employ manufactured catalysts in
coal liquefaction or hydrogenation of solvent recycles. Some

PR
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differences are therefore seen in its performance with vari-
ous coals due to variations in the catalytic properties of
indigenous minerals. Preliminary tests by NAMCO indicated
that SRC-II technology may be applicable in processing Hat
Creek coal.

SRC-1 Type Technology
Gulf 0il, Southern Services, Department of Energy, Electric
Power Research Institute - Process Developers.

Figure D1.4 is a block flow diagram of a process of the sol-
vent refined coal (SRC-I) type. Coal is pulverized and slur-
ried with coal derived solvent in the coal preparation and
drying area. The slurry flows to the coal hydrogenation and
gas recovery area where it is mixed with hydrogen and in ex-
cess of 90 percent of the coal is dissolved and hydrogenated.
The process is accomplished without the aid of catalysts.

A slurry of solvent; mineral matter, unconverted:coal and dis-
solved coal is separated in the coal hydrogenation area from a
gaseous product fraction which may be internally used' as fuel.
The slurry then passes to a filtration or solvent de-ashing
area where solid material is separated from it. The filtrate
or de-ashed liguid solvent is heated and passes to a vacuum
distillation section in the product and sclvent recovery area
where the solvent is separated and recycled for use in slurry
preparation in the coal liquefaction area. Bottom product from
vacuum distillation is molten solvent refined coal which may
melt at about 200°C and is a major product of the process.

The process also produces a light fuel oil product which may

be further separated into naphtha and medium fuel o0il fractions
in a commercial facility. However insufficient data are avail-
able to predict the naphtha/fuel oil split for Hat Creek coal
with any precision.
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Filter cake, if filters are used, is washed on the filters
and sent to a drying operation in order to recover the wash
solvent. The dried material is about 40 percent undissolved
ccal and the remainder ash. The dried material is a source
of hydrogen or fuel gas following gasification by a Texaco
or Koppers type of process.

In the -solids separation area, the objective is to separate
fine (1.0 to 40.0 micron) particles from the hot liquid sol-
vent-refined coal. The molten solvent refined coal must be
maintained at an operating temperature of approximately
290°C to establish a viscosity suitable for separation of
solid material from it. At present, filtration is used in
the SRC-I service. 1Its use requires the use of diatomaceous
earth filter aid (preccat or body coat) because of the small
filtered particle size. Because of the non-porous nature of
the filter cake on the diatomaceous earth, continuous fresh
filter aid surface regeﬁeration is required or frequent cake
removal by washing is required.

The type of filter which provides for continuous filter sur-
face regeneration is the rotary precoat type. This filter
consists-of a rotating drum partially and horizontally im=-
mersed in a reservoir of product slurry. The surface of

the drum is a mesh screen carrying a layer of filter aid.

As the drum rotates, a knife blade pares off a skin of pre-
coat together with a filter cake of solids deposited on the
drum surface.

A wash solvent is sprayed onto the filter cake as it rotates
to displace trapped coal liquids. Wash solvent is subsequent-
ly "dried" from the cake. Wash solvent passing into the
filtrate is subsequently recovered in the vacuum distillation
operation. Pressure in the filter is maintained by circulat-
ing an inert gas.

PR
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A rotary filter is used at the Tacoma (U.S.) pilot facility.
At the Wilsonville pilot facility, a pressure leaf filter
is used. The leaf filter uses a fixed filter surface and
has a shorter operating cycle as a result of quick blinding
of the precoat. )

The drive toward SRC-II development is largely motivated by
& desire to avoid problems encountered in filtration, dry-
ing, and solidification. However, SRC-I development is con-
tinuing, based on use of solvent de-ashing technology.

The current development program in the United States involves
hydrogenation of the SRC further to produce coal liquids,
rather than solid fuel, using the LC Fining (Lummus) process
to hydrogenate the SRC to liquid products.

Gasification Processes

Table Dl1.2 summarizes data describing the performance of the
various gasifiers studied in this project. The gasifier
types are described in more detail in the following para-
graphs:

Texaco Gasification Process

Texaco has considerable experience in partial-oxidation of
liquid hydrocarbon residues, tars, and petrocleum cokes. The
Texaco SYN Gas process has been licensed since 1953 and

there are 75 plants, with 160 gasifiers operating in 22 coun-
tries. The synthesis gas produced is used in ammonia, meth-
anol, hydrogen, and chemicals production.

Figures D1.5, D1.12 and Dl.1l9 illustrate applications of the

Texaco coal gasification process to Hat Creek Coal. The
Texaco coal gasification process operates at pressures bet-
ween 2.1 - 8.3 MPa and incorporates a single stage, slagging,
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Pable D1, 2 . Estimated Data For Hat Creek Coal

Gasification Processes

Type of Gasifier Studied Texaco Koppers Winkler Lurgi
Applicability to Hat Creek Coal doubtful satisfactory satisfactory satisfactory
Operating Pressure Bar . 20-80 1.0 1.0 20-30
Exit Temperature °C 1500-1600°C 1400-1600°C 300-1050°C 300-600°C
Oxygen t/ﬁ (coal substance) 0.31 - 0.25 0.20 0.15
Steam Oxygen Ratio t/t - 0.2 2,0 7.0
Fuel Supply Form water slurry dry ground small grains dumped lumps
Fuel Supply condition - < 0.1 mm 2.8 mm 13.0 mm
Counter or Cocurrent cocurrent cocurrent cocurrent counter current o
Classification Fixed/Fluidized/ . | A
Entrained Bed entrained entrained fluidized fixed, moving or “
descending bed*
Requirements on fuel constraints none reactive non-caking, and
on ash and . non-swelling coals
meisture
Method of Heat Recovery WHB WHB ' WHB qguench prior
prior to prior to prior to to WHB
quench quench quench
Gas yield Nm3 C0+Hz/1000kca1 HH* *
of fuel charged (Hat Creek coal) 0.17 0.20 0.22 0.27
Byproducts sulfur sulfur sulfur tar, oil, naphtha,
phencl sulfur
ammonia.

(hydrocarbons can be re-
cycled to extinction)
*Equivalent terms
**In cases where gas yield is low, additional waste heat is generated
which must be supplied by boilers in cases where gas yield is low.
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entrained bed down-flow gasifier. The Texaco gasifier
utilizes feed consisting of a concentrated slurry of coal
particles in water fed in mixture with oxygen. A re-
fractory-lined gasifier is used which is similar to those
employed in Texaco's o0il gasification process, except that
proVision is made to remove guenched slag through a water-
sealed lock-hopper system.

The process is capable of gasifying a wide range of caking
and non-caking bituminous and sub-bituminous céals, as well
as petroleum coke. However, ccal of the Hat Creek type is
not an attractive feed since it requires a relatively large

amount of energy tc heat and vapourize the slurry water as
well as the intrinsic moisture which does not contribute to

the slurrying medium; and this coal is of high ash content.

The raw coal is first ground either wet or dry to a care-
fully controlled size distribution. Control of the size
distribution is important to maximize the coal concentration
in the resultant slurry made in the slurry preparation tank.

The slurry is pumped to a burner where it is mixed with oxy-
gen and partially oxidized to a synthesis gas rich in carbon
monoxide and hydrogen at temperatures of 1300 - 1480°C. As
the reactants pass through the reaction zone, the ash is
slagged and drops into a water quench pot at the bottom of
the gasifier. The slag, which contains a small concentration
of unreacted carbon, is removed through a pressurized lock
hopper.

The hot synthesis gas passes through an outlet located below
the gasification zone but above the slag quench pot. It

then passes through a waste heat boiler and is contacted
with water in a scrubber operating at gasifier pressures to
remove entrained particulates. Water removed from the scrub-
bing system and the slag guench pot is recoﬁered through a
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settler where the particulates are extracted and recycled
to the gasifier. The water scrubbed synthesis gas is sub-
jected to further cooling and purification.

The Texaco coal gasifier is in development in two pilot
gasifiers located at Texaco's Montebello Refinery, Califor-
nia which are designed to operate at:

2.4 MPa 15-20 tonnes per day solids feed, and
8.3 MPa 15-20 tonnes per day solids feed.

There is also a 150 tonnes per day demonstration plant at
Ruhrchemie in Oberhausen, West Germany, which has thousands
of hours of operation at pressures ranging from 2.1 - 8.3 MPa

The high pressure operation (2.1 -~ 8.3 MPa) of the Texaco
coal gasifier is an advantage in that compression can be
minimized or eliminated in conveying synthesis gas to a
medium or high pressure downstream loop for synthesis of
methanol. Use of a slurry feed eliminates the use of coal
lock~hoppers, which require a considerable amount of main-
tenance.

An important advantage of this process is the high tempera-
ture operation which produces a clean synthesis gag, free
of tars, oils, and phenols. The high carbon monoxide and
hydrogen content of the gas, with negligible methane, make
the gas a good candidate for methanol production.

The use of a water slurry feed system makes this process
unsuitable for application with Hat Creek type coals. The
oxygen requirements for combustion of a slurry of Hat Creek
coal are about twice those for a slurry of low moisture
bituminous coals. The gasifier is suited for use with bitu-
minous and sub-bituminous coals.

g
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Koppers Gasification Process

Figures D1.6, D1.13, and D1.20 illustrate processes using
Koppers gasification. The Koppers gasifier operates at

near atmospheric pressure. .Gasification is carried out

in a refractory lined ﬁessel which is water cooled.

Each gasifier has two or four coal injection heads (bur-
ners) through which steam, oxygen, and pulverized coal
enter the unit via screw feeders. Velocities in the mix-
ers are maintained high to avoid "backflashing” out of the
gasifier.

The temperature at the burners is in the region of 1900°C
and the gas, cooled by radiation to cooled studs in the
ceiling, leaves the radiant chamber at about 1480°C.

Ash is melted to form a slag in the gasifier. About half

of the slag produced drops into a gquench water reservoir

in the base of the gasifier. The remainder passes, entrained,
overhead. The entrained material is frozen by injecting '
steam into the upper part of the gasif}cation chamber and

use of additional radiation cocling surface in the gasifier
ceiling. The gas and non-sticky cooled particles pass into

a waste heat boiler where high pressure steam is produced.
Solids are removed from the crude cooled gas using cyclone
and electrostatic methods and by water scrubbing. The clean
gas is subsequently compressed to the process conditions re-
quired for shift conversion, acid gas removal and subsequent
processing.

In shift conversion, the water gas reaction is employed to
adjust the carbon monoxide ratio to the value regquired by

the subsequent processing steps. Differing ratios are called
for according to whether SNG, methanol or Fischer-Tropsch
processing is employed.
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The acid gas removal operation involves the separation of
carbon dioxide and hydrogen sulfide from the gasifier pro-
duct stream. The Rectiscl process has been employed for

acid gas remoﬁal in all studies on which this study is based.
The Rectisol process has the capability to reduce sulfur con-
taminants, hydrogen sulfide and carbonyl sulfide, to the low
levels (below one tenth part per million) required for avoid-
ing catalyst poisoning in methanol, Fischer-Tropsch and SNG
manufacture.

The Koppers gasifier product is low in methane content and
contains no heavier hydrocarbon contaminants. It is well
suited for methanol manufacture where contaminants are mini-
mized in the product. The Koppers system has the capability
to process a wide range of coals and may be considered to be
fully commercially demonstrafed. The need to compress gas
produced in the Koppers gasifier leads to the necessity to
cool the gas prior to compression and to reheat it prior to
shift conversion. A substantial amount of steam is added to
the gas prior to shift conversion, this represents a thermal
burden tending to reduce the thermal efficiency of the process.

Factors to be investigated in connection with a proposed
venture involving Koppers gasification include:
- BSolid gas separation requirements

- Oxygen consumption and relative level compared
to other gasifiers

- Requirements for coal pulverizing and drying
- Cost impact, if any, of low pressure operation
- Need to use flux to control ash fusion properties

- Expected waste heat boiler life under erosive and

corrosive action of entrained particulates.

SR
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Winkler Gasification Process

Figures D1.7, D1.14 and D1.21 illustrate processes using
Winkler gasification. The Winkler gasification process
employs a fluidized bed. The height-to-diameter ratio

of the bed is selected to permit the near completion of
gasification in the bed. Secondary oxygen and steam are
added above the bed in order to maximize carbon conversion
to synthesis gas. Carbon remains in the fly ash taken
overhead from the gasifier, Ash also is removed from the
bottom of the gasifier and this also tends to carry carbon
from the unit.

Crushed, dried, and sized coal is screw fed into a base of
the gasifier from a feed bunker system. The gasifier oper-
ates at near atmospheric pressure at an average temperature
in the region of 800°C to 900°C.

Gases leaving the gasifier pass through a waste heat boiler,
cyclones for carbon recovery and ash removal, and water scrub-
bing to achieve a high degree of solids removal.

The Winkler gasifier is ideal for gasification of reactive
lignites of the Hat Creek type. It should have a high ash
fusion temperature to avoid the formation of clinkers in
the bed.

The scrubbed cooled gas is compressed to the process condi-
tions required for shift conversion, acid gas removal and sub-
sequent processing. In shift conversion, the water gas re-
action is employed to adjust the carbon monoxide ratio to the
value required by the subsequent processing steps. Differing
ratios are called for according to whether SNG, methanol or
Fischer-Tropsch processing is subsegquently employed. The

acid gas removal operation involves the separation of carbon
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dioxide and hydrogen sulfide from the gasifier product
stream. The Rectisol process has been employed in the
studies on which this study is based. The Rectisol pro-
cess, which employes methanol as the solﬁent, has the
proVen capability to reduce sulfur contaminants to the
low levels required to insure long catalyst life in down-
stream processing.

Lurgi Dry Bottom Gasification Process

Figures pl.8, D1.10, D1.15-D1.18, D1.22-D1.26 illustrate

process flow schemes employing Lurgi (dry bottom gasification).
Lurgi experience with the fixed bed (also varicusly referred

to as "moving bed" and "descending bed") gasifier dates from
the 1930's. A total of 16 plants have been built using 65
gasifiers, excluding the Sasol II plant but including Sascl I.
The Sasol II complex, with an additional 36 gasifiers, is
currently in its early opérating phases. A duplicate of
Sasol II is currently under construction.

The Lurgi gasifier has undergone extensive testing and may
be considered to be commercially available for certain lig-
nites and "sub-bituminous coals. The gasifier is a water-
jacketed vessel system which operates at up to about 2.8 MPa
and temperatures below the ash softening point in the bottom
section. Temperature at the gas exit at the top of the gasi-
fier will approximate 300°C with Hat Creek coal. Sized coal
(50 x 6 mm) is introduced to the top of the coal bed in the
gasifier through a pressurized lock hopper and mechanically
distributed by a gear driven arm. Steam and oxygen are in-
troduced at the bottom of the gasifier through a revolving
grate, Dry ash falls through the grate into an ash leck
chamber for discharge into an ash disposal system.

g
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As the coal moves down through the gasifier bed, drying,
devolatilization, gasification and partial combustion
occur sequentially. The partial combustion zone at the
base of the gasifier supplies the heat required by the
endothermic gasification reactions going on in the upper
part of the bed. Gasification actiﬁity is evident in the
bed at temperatures down to about 650°C. Temperature is
further reduced below 650°C to about 300°C by the process
of vaporizing water and volatile matter from the coal.

Crude Lurgi gas contains tar, oil, naphtha, phenols and
ammonia as a result of the low temperature experience of

the coal in the final stages of the process (top of bed).
Part of the tars and any entrained coal dust are removed

in a scrubber and recycled to the gasifier. The cleaned
gas, or part of it, is then subject to shift conversion
following steam addition in order to achieve proper reactant
ratios for the water gas reactijon.

Some copportunities are taken to recover heat from the Lurgi
gasifier effluent gas in waste heat boilers. Tar fouling
and related problems tend to reduce the opportunities for
waste heat recovery. The advantages of Lurgi gasification
include an attractively low oxygen consumption and high
operating pressure, which reduces or eliminates synthesis
gas compression requirements. With coals of the Hat Creek
type, methane production tends to be high, making the gasi-
fier the best suited for SNG manufacture.

The unattractive features of the Lurgi fixed bed gasifier
are the byproduct tar, oils, phenols and ammonia, which
lead to high environmental protection costs. 1In this study
all undesirable hydrocarbons products have been recycled to
extinction to the gasifiers. The need to feed sized coal
to the Lurgi gasifier leads to an associated fines disposal
problemn.
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In this study, fines which cannot be gasified are subject
to various utilization strategies:

i) Sale of fines, as in the Lurgi (Sell Fines),
L(SF), cases.

ii) Combustion of fines in boilers as in the Lurgi
(Max. Power), L(MP), cases.

iii) Gasification of the fines in a gasifier suitable
for the purpose.
Lurgi~-Koppers and Lurgi-Texaco combination cases
are considered.

British Gas Council - Lurgi Slagging Process

in association with British Gas Corporation, Lurgi has de-
veloped a slagging gasifier of the fixed bed type. This
gasifier is now offered éommercially. The gasifier is
similar to the dry bottom Lurgi type except that ash is
tapped from the base as a slag and the grate in the dry
bottom unit is eliminated. The gasifier uses low oxygen
and low coal to steam ratios and as a result exhibits good
coal throughput characteristics.

Gas Purification Processes

The raw gas produced by coal gasifiers must be cleaned of
impurities and the ratio of hydrogen and carbon monoxide
must be adjusted prior to synthesis or methanation in order

to attain the most effective production of the desired energy

products. Particulates and hydrocarbons are typically re-
moved in water quench systems that function as effective
scrubbers, and are usually an integrated part of the gasi-
fication system. Other impurities which must be removed
include hydrogen sulfide and carbonyl sulfide, to prevent
catalyst poisoning and environmental releases, and carbon

PEREFES
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dioxide which acts largely as a process and product diluent.

The technology for removal of these acid gases has been
widely demonstrated in a variety of industrial applications.
A number of process systems exist which can be utilized for
acid gas removal; however, operational characteristics vary
somewhat and the selection of the most appropriate gas clean-
up system is dependent upon the desired product and the opera-
ting conditions of the various process elements in the over-
all system. The selection of the gas cleanup system is in-
fluenced by a number of factors including potential for con-
taminating the synthesis gas, utility requirements, chemical
makeup needs, gas contaminant levels in cleaned synthesis '
gas, and maintenance requirements.

The Rectisol process, developed by Lurgi, is particularly

well suited to the Lurgi gasification process because it re-
moves and isolates the naphthas produced in gasification,
sulfur compounds to the very low concentration levels required
to protect methanation and synthesis catalysts, and carbon
dioxide. The process uses methanol as the solvent.

Indirect Liquefaction Processes

The following processes produce coal-derived liquid hydro-
carbons and other liquids by hydrocgenation of carbon monoxide
in suitably produced synthesis gases.

Fischer-Tropsch Process (FT)

Carbon monoxide is reduced by hydrogen in FPT to produce a
range of oxygenated and regular hydrocarbon products. Iron
catalysts are used in current commercial projects. Synthesis
gas can be deriyed by steam hydrocarbon reforming for this
process; Exxon practiced FT based on steam reforming at Bayway,
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New Jersey, but the process was not economical and was
abandoned.

The FT process is carried out in part in a fluidized bed
reactor in the Sasol (SA) applications of the Synthol
process., These reactors have been developed over a period
of 20 years since startup of Sasol I. The reactors are
about 36 m high by 2.2 m diameter, and cooiing loops remove
the high level of heat of reaction which is evolved. About
25 percent of the heating value of the synthesis gas is
liberated in the FT synthesis reactors.

A generally referenced problem in PT synthesis is its lack

of specificity of product type of catalyst selectivity. The
range of products-possible is illustrated by the range quoted
in the FT cases of this work. The requirements to separate
the many products and fractions leads to the provision of
extensive separation and refining facilities at FT sites.

The primary PT reaction is (C&E News, Feb. 23rd 81):
nCo + 2nH2 = (-CHz-)n + nHzo + n(201 KJ)

Fixed bed reactors (Arge synthesis) are alsoc employed in FT
synthesis. The fixed bed process produces less transporta-
tion fuels than the fluidized bed process but more heavy com-
pounds and waxes.

Methanol Synthesis Processes

Two process routes exist for methanol synthesis which are
commercially available. One operates at a high pressure
range of 21 - 35 MPa, the other operates at a low pressure
range of 4.8 - 10.3 MPa. Most modern methanol plants use a
low pressure methanol synthesis process employing highly
active copper based catalysts.

de g
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The leading low pressure methanol processes are the Lurgi
Low Pressure Methancl Process, and the Imperial Chemical
Industries (ICI) Low Pressure Methanol Process.

The major difference in the two processes, besides that in
the catalyst used, is the method employed to remove the

heat of reaction in the reactor. Lurgi incorporates a tubu-
lar reactor in which the synthesis occurs at 5.2 - 8.3 MPa
in the catalyst-packed tubes and the heat of reaction is
absorbed by boiling water on the shell side. This results
in a uniform catalyst operating temperature of 230°C - 260°C
along the léngth of the reactor, and minimizes byproduct
formation. Most of the exothermic heat of reaction is con-
verted directly into medium pressure steam.

ICI utilizes a direct quench system wherein the reaction

takes place in a packed bed of catalyst at 5.2 - 10.3 KPa

in which the gas temperature rises as the methanol synthesis
occurs. The gas is cooled at several points along the bed

by injecting cold synthesis gas in order to avoid excess temp-
erature rise beyond the 200 - 300°C operating range.

' Both the Lurgi and ICI processes are used in commercial meth-

anol plants operating mainly on natural-gas or petroleum-
liquid derived synthesis gas.

Methanol to Gasoline Process (MTG) (Mobil)

The Mobil Corporation has developed a zeolite catalyst
(Z8M-5) which is capable of catalysis of the conversion of
methanol to high octane gasoline and lighter hydrocarbons.
Gasoline is the dominant product of the reaction. Propane
and butane products are potentially convertible to additional
gasoline by alkylation., Compounds heavier than decane tend
not to be formed due to the molecular sieve action of the
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catalyst. The hydrocarbon product consists of highly
branched paraffins and olefins, naphthenes and aromatics.

The MTG process, like Fischer-Tropsch, is exothermic,
though not to such a large extent. The process can be
based on fixed, tubular or fluidized bed reactors. Flui-
dized bed reactors have been found to offer the best gaso-
line yields and development is focused in this direction.
A pilot unit in West Germany is operating at a conversion

capacity of 100 t/d.

In the MTG type process, fresh and recycled feed methanol
enter the reactor where gasoline and other hydrocarbons

are produced ﬁoéether with by-product water. Gasoline, water
other products and methanol are separated from the reacter
effluent stream and recycled or removed from the plant as
products. In the situation where methanol is converted to
gasoline, water from the conversion step can be recycled
for use in the gasification of coal, thereby conserving
water in the neighborhood of the plant. Water recovered in
the conversion of methanol to gasoline would in effect, be
exported from the site in situations where methanol is the
single main coal conversion product.

Manufacture of Synthetic Natural Gas (SNG)

The synthesis of methane is accomplished by conversion of
carbon monoxide and hydrogen to methane and water in the
presence of a nickel-based catalyst. Extensive small scale
and semi-commercial experience exists for two methanation
processes, one developed by Lurgi, the other by Conoco,
both suitable for use with coal-derived synthesis gas.

Lurgi Methanation Process

The Lurgi methanation process is a hot gas recycle method
which was demonstrated successfully at Sasol's coal gasi-
fication facility in Sasolburg, South Africa in 1973 - 1974,
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The system involves two packed catalyst beds in series,
each followed by a heat exchanger to remove some of the
heat of reaction. Acid gas removal and carbon monoxide
shift to hydrogen to obtain a hydrogen/carbon monoxide
ratio of about 3 are required for the process. An SNG
product with less than 1.0 percent by volume of hydrogen
and a higher heating value of about 36,200 KJ/m3 after
drying and carbon dioxide removal has been produced by
the process.

Conoco Methanation Process

The Conoco methanation process was demonstrated at the
British Gas Corporation (BGC) gasification testing unit
at Westfield, Scotland in 1974. The source of the syn-
thesis gas was a Lurgi Gasifier, and the maximum through-
put yielded up to 71,000 cubic meters per day of high BTU
SNG which was fed into the local gas grid.

The process consists of three primary methanation reactors
in series. Cooled product gas from the third reactor is
recycled and combined with synthesis gas for each reactor
for temperature control. Recycled product gas acts as a
heat sink and limits the temperature rise in each reactor.

The process is designed to maximize the recovery of the

heat of methanation by generating steam in waste heat boilers

located after the reactors.

Coal Pyrolysis

During recent years at least seven pyrolysis processes
have been under development -
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Clean Coke Process - U.S. Steel Corporation
COED - FMC
COGAS - Cogas Development Co.
Garrett's Coal Pyrolysis - Occidental Petroleum Corp.
Lurgi-Ruhrgas - Lurgi GmbH/Ruhrgas AG
Project Seacoke - ARCO Chemical Corp.
Toscoal - The 0il Shale Corporation

In 1978 plans to construct a major demonstration plant
were first announced by the U.S. Department of Energy
and subsequently withdrawn.

The only fully commercial process is the Lurgi-Ruhrgas,

a first plant having gone into dperation in 1965 (Yugos-
lavia) since which time a large number of plants, usually
operating with low rank coals, have been erected in various

countries.

Development of the other processes listed is not being vigorously
pursued at the present time.

The Lurgi-Ruhrgas Process
Lurgi GmbH, Frankfurt, and Ruhrgas AG are the developers
of this process.

Feed coal and a heat carrier consisting of hot char are
continuously supplied to a mechanical mixer which ensures

a uniform mixing of the two components as well as a very
rapid equalization of temperature between the char and

coal so that a major part of the carbonization occurs at

the end of the mixer. The resultant pyrolysis gas and
vapors are withdrawn at the end of the mixer, passed through
a cyclone for dust removal, and then sent to a condensing
unit.
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The tar is subjected to dust removal and hydrogenated in
the hydro—tréatment section to produce a range of liquid
products. The gas after cleaning, has a heating value of
26,100-31,670 KJ/kg. This gas may be used as a source of
hydrogen for the tar-hydrogenation steps or methanated to
pipeline quality.

The char which has been used as a heat carrier and newly-
formed char, fall into the carbonizer shaft where additional
temperature equalization between the heat carrier and fresh
distillation residue takes place so that a subsequent de-
gasification can occur. The char leaves the carbonizer
shaft at the lower end and flows to a lift pipe where it is
raised by combustion gases and heated simultaneously.

The combustion gases are produced in the lift pipe itself,
into which preheated air is blown toc cause partial combustion
of the char. Char and combustion gases are separated and the
gases, after cleaning, are exhausted.

The hot char is collected in a bin and then recirculated to
the mixer to complete the cycle. The continuous production
of fresh char results in a surplus of circulating char.
This surplus is continuously withdrawn and used for steam
and electricity production. -

The close intermixing of coal and hot char in the mixer
avoids the formaton of agglomerates, so that caking coals
can be treated.

Operating conditions in the carbonizer are as follows:

Reactor Temp. °C Pressure Reactants Products

Carbonizer 595 Atmospheric Coal-Hot Char Char,Tar,Gas



A materials balance and calculated overall thermal efficiency
for raw Hat Creek coal is approximately as follows (see Fig.
D1.27), assuming the most favorable yield of liquids:

Liquid product yield is 6.5 percent. Gas yield is 12 perx-
cent.

Electric power as coal equivalent (gross calorific value
gases) is 21.6 percent of coal feed to plant.

Thermal efficiency is 40.1 percent.

A commercial production plant weculd have the following per-
formance. '

The coal feed for the plant should be 19.3 million t/a
run~-of-mine ccal at an on-stream factor of 90 percent.

For this capacity the major primary units would be: .

- Coal-drying unit

Lurgi~Ruhrgas carbonization-unit with 12
carbonizers including quench- and waste-heat
systems

- Hydrocarbons recovery with gas treatment, tar
treatment and carbonization-water treatment.

Secondary process units:

Power~ and steam plant

Flue~gas treatment

Make-up water unit

Cooling water unit
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Feeds
Coal for cabonization

Make-up-water

Products

Gas 14
Tar and gas oil 3
Gasoline

Phenols

Electric Power

Total Products 3i6.5 TJ/4

AT

19.3

19.3

24.4

26.8

60.9

28.9

14.3

10

10

10

10

10

10

10

t/a

t/a

m”/a
t/a
t/a
t/a

KWH/a
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29989 t7a JGASTPICATION - SHIFT — %1002 & H2S ——
t CONVERSION REMOVAL
&l
E ° B. C. HYDRO
xlo
E § FIG. D1.24
gl METHANOL TO GASOLINE TECHNOLOGY
COMBINATION CASE
LURG] & TEXACO GASEPICATION
LIQUID FUELS MANUFACTURE
*SEE NOTES FIGS. Dl.1 TO D1.26 (POLLOWING FIG. D1.26)
NORTH AMERICAN MINING
. NI 1024 ) CONSULTANTS, INC.
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VENT  WATER
GASEE 0.64 m
80 m -
IMPORT ENERGY
COAL .
COM. o cosmrmarion| . GasoLmue
1t MNTG L-K 5.88 GI
13.85 GJ
STEAM & Al By = 443
3000 v/4 LPG
3000 /4 ] powER YRR " i a
GENERATION
H
WATER -..l..___-.‘_!-_--
- i v sou's  vaus
28600 t/d LIQUID 0.74 GJ
KOPPERS GAS COOLING RECTISOL PISCHARGES
12000 t/d
- PARTICLE gl O, & B8
GASIFICATION REMOVAL 2 & By
COMPAESSION REMOVAL
6000 ;IdT L__‘
(10000 ¢/d) -
COAL OXYGEN METRANOL mosIL Typr |GASOLINE 7650 w/d T
— = — . | — — wn
N PREFARATION MANUFACTURE ' PLANT SYNTHESIS  |ipG 53.5 m¥/d n
HA? CREEK 64400 -
COAL t/a
N7 LA
9000 v/d
LURGE COOLING & RECTLSOL
> | S [
29717 /3 |cAsTRICATION sa1PT €0, & N8
CONVERS10M REMOVAL
w . B. C. HYDRO
[ 2]
ml T
£l s FIC. D1.26
E E METUANOL TO GASOLINE TECHWOLDGY
2l e COMBINATION CASE
Ll LURGI & KOPPERS PROCESSES
. LIQUID FUELS MANUFACTURE
*SEE NMOTES FIGS D1-1 TO D1.26 (POLIOWING PIG. D1.26)
NORTH AMERICAN MINING
BJ 1024 CONSULTANTS, IKC.




VENT  WATER
ES 1.3 m
. COAL .
s MAX. POMER
13.05 o |56 sNG
- T ————— s
LURGT - 316.5 T3/
AIR E,, = 60 1300 x 107 BTU/D)
0.85 t
STEAN &
(13000 t/d__ zmc:um PROCESS POWER &
COAL FINES CoWERAT o TN STEAK 5YSTEM
SOLID & POWER
T LIQUID IERO
: DISCHARGES
Y R —— e i -
ATE T+ ; :
50000 t/d ! H H
TURGI GAS COOLING RECTISOL
GASTFICATION AND SHIFT e, s ws METHANATION o
. oPERAYTON | & QUENCH > \ 1 WG rLawT 316.5 TI/D o
HAT CREE EYSTEM CONVERS IOM REMOVAL UNIT ] b,
COAL . (300 = 109 zrU/D) 1
18100 t/d W
o . ~1
2
TARS &] 7530 t/
OILS
RECYCLE
AIR OXYGEN
D R s .
32300 t/d MANUFACTURE
3 ‘3 B- C. HYDRO
8]l o
a2l &8 FIG. D1.26
w [
SNG TECHNOLOGY
LURGI GASIFICATION (MAX. POWER GENERATION)
SYNTHETIC FUELS MANUFACTURE
COMPARATIVE GAS COST
*SEE NOTES FIGS. D1.1 TO D1.26 {FOLLOWING PIG. D1.26)
NORTH AMERICAM MINING -
NI 1024 COHSULTANTS, . INC.




General Notes - Figures Dl.1 to D1.26

1-

Coal requirements are specified on a "corrected-as-received"
*
basis, ad detailed in Table 2.2.

All solid waste streams are expressed on a dry basis.

VTBS is the abbreviation for "Vacuum Tower Bottoms Slurry"
which is the residue of the coal liquefaction process and
which is commonly used as feed material for hydrogen manu-
facture.

Light fuel o0il in the SRC-II type process consists of a
mixture of naphtha and turbine fuel. Insufficent data ex-
ists to estimate the split of light fuel oil into these pro-
ducts for Hat Creek coal.

Sulfur and ammonia production for the indirect coal lique-
faction cases is summarized in Table 3. 11X

*See Chapters 2 and 3 of the Report



STEAM FLUE - GAS LIQUID SO, -
' e
GENERATION TREATMENT 0.0075 t
COAL COAL LURGI-RUHRGAS POWER ELECTRIC POWER
1.0000 t DRYING CARBONISATION GENERATION 748 Kith
MAKE UP WATER 3
3.2000 t Y
GAS -
p»| HYDROCARBONS CAS 7.8 w3
RECOVERY TREATMENT
GASOLINE
-
1 0.0006 t
CARBONISATION TAR TAR + GAS OIL
- TREATMENT e
PATER-TREATMENY 0.0195 ¢
l PHENOLS
-
0.0015 t
B. C. HYDRO
FIG. D1.27

SCHEME FOR LURGI-RUHRGAS PROCESS

NJ 1024

NORTH AMERICAN MINING
CONSULTANTS, INC.

69-a



