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Estonian o0il shale reserves have been estimated proceeding from the require-
ments of power plants. Today, when the possibility of selling shale oil in
larger amounts is becoming a reality, the oil shale reserve has to be
evaluated according to the criteria of oil production. The solid-energy-
carrier method of processing as a relatively new way of oil generation has
economical advantages and has therefore to be considered at calculating cut-
off grade for mining. The basis for using this approach has been worked out
by GIS modelling. Preliminary calculations showed that the cut-off grade of
oil shale could be lower than today’s 35 GJ/m’. This could increase the
mineable resource of Estonian oil shale.

Estonian oil shale mineable (active) reserves are estimated according to the
energy rating of the bed > 35 GJm? (cut-off-grade). An auxiliary criterion
for marginally economic (passive) reserves is energy rating that should be at
least 25 GIYm?. These cut-off-grades have been calculated by Department of
Mining of Tallinn University of Technology proceeding from the require-
ments of existing power plants ten years ago when marketing of shale oil
was problematic and oil processing conditions were not taken into con-
sideration [1, 2].

Below we shall analyse what will happen when the situation will change.
Two shale oil processing technologies are in use in Estonia today. The old
way — processing of lump oil shale (LOS-process) — needs separated high
calorific (12 MJkg) oil shale of the class 25-125 mm. The relatively new
process with solid heat carrier (SHC-process) can produce oil from non-
enriched material (run-of-mine oil shale, ROM).

Separation plants at mines were built for the LOS-process [3]. In
accordance with the needs of consumers ROM was separated into two classes:
small-grain (from 0 to 25-50 mm) and coarse-grain (from 25 to 50-125 mm)
material. Small-grain oil shale is sold to power plants as fud (fuel oil shae,
FOS). Coarse material goes to separation plant as feed. A beneficia product of
separating is raw materia for oil processing (process oil shae, POS), and
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limestone containing organics remains a waste. The losses of organic material
(kerogen) with waste are 2—7%. Both waste mass and losses increase pro-
portionally with enhancing calorific value of the enriched product (POS).
Accordingly theyield of POSis smaller and its cost price higher:

Cros= Creed / SPOS,

where (see Table 1):
Cpos— cost prise of oil shale for the LOS-process,
Cieed - COsSt price of separation feed; equal to cost price of ROM (Crowm),
spos — yield of oil shale for processing.
Likewise,

Cros= Crom ! 5105 = Crom ! (1 —sros —Spos) = Crom / (1 — swasTe),

where Cros — cost price of production a mine, trade oil shale, TOS is the
sum of fuel oil shale and process oil shale in the following order:

TOS = FOS + POS,

and stos, SFos , Spos and swasre are the yields of trade oil shale, fuel oil shale,
process oil shale and separated waste.

Table 1. Oil shale separation indexes

Two products separated in
Parameters Index — mine pl ar.1ts - Unseparated
Existing cost | Objective cost| Product
distribution | distribution
Cost of run-of-mine oil shale (ROM), €/t | Crom 5 5 5
Yield from ROM, % s
Fuel oil shale (FOS) SFOS 40 40 63
Process oil shale (POS) SPOS 17 17 0
Total: Trade oil shale (TOS) STOS 57 57 63
Cost price, €/t C
Fuel oil shale Cros ND 7.94 7.94
Process oil shale Cros ND 32.93 -
Trade oil shale Cros 8.77 8.77 7.94
Cost of energy, €/GJ CE
Fuel oil shale CEros ND 0.97 0.97
Process il shale CEpos ND 3.19 -
Trade oil shale CEtos 0.97 0.97 0.97
Index in formula 1 2 3

Remarks:
e Cost of run-of-mine oil shaeisillustrative
¢ ND -nodata
e The objective cost of processing oil shale for separating two products is cal culated
asfollows:

Cros2 = (CTOS.l —Cros3 X SFOS.ll 100) / (SF’OS.l/ 100) = (877 —-7.94x%x40/ 100) /
(17/100) = 33.93 €/t
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A corresponding calculation on the example of the underground oil shale
mine Estonia is presented in Table 1. These calculations demonstrate that if
the mines do not separate high calorific POS, the production capacity of the
mine will be higher, the loss of organic matter lower, and cost price (Cros) of
the product lower. In the case of continuing separation, the price of POS for
old-type oil generators should be the objective. It should cover the expenses
of separation and must be up to four times higher than the price of oil shale
for electricity generation (FOS) [4-8]. In redlity, the cost of POS as well as
its cost of energy is today lower than objective costs Cpos2 and CEpos?
demonstrated in Table 1.

A subvention for POS was established at the time of specifying cut-off-
grades aready. Old-type oil generator was not considered at calculations of
oil shale reserve [2, 9]. Since the LOS-process is uneconomic, it is still not
considered today. Oil shale resource has to be calculated for the SHC-
process that is currently being devel oped and introduced in Estonia.

The basic calculation has been performed with the spatial modelling method.
Qil shae undeground mine Estonia has been taken as marginaly economic. In
accordance with the main mining conditions (seam thickness, seam calorific
value, caorific value of oil shae layer and indexes of thickness), potentia oil
yield distribution was modelled in the area of the deposit [10-12]

For calculating technical oil yield, real amount and cost price of ail
production, the efficiency of generators and losses at processing have to be
taken into account. The efficiency of energy yield at combustion and oil
generation processes depend on the quality of fuel and raw material in the
same way as the efficiency datain Fig. 1.

The dependence between calorific value of oil shale and the efficiency of
unitsis described by the formula

n=k-1/0,
where: Q — cdorific value, MJkg
k —marginal efficiency in a given unit, achieved using raw material
of the highest quality, %
| — equation parameter, MJKg, as related to the minimum quality of
the raw materia / = k Onmin.
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Fig. 1. Oil yield in the area of exploration fields, t/m?
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Table 2. The parametersin the formula of the efficiency of oil shale utilisation

i HHS i , Qminv
Unit utilising oil shale k % MJkg MJIkg Data from reference
Circulating fluidized bed boiler 98.3 345 0.35 [13]
Boiler TP17 (pulverised oil shale)| 92.2 81.2 0.88 [14]
SHC retort (not measured) 8590 | 80-100 0.5-1 Author’s speculation
LOS retort 85.3 118 1.38 [15]

The LOS-process is characterized by low marginal efficiency and the
highest losses of organics with wastes (Fig. 2).

X 90

g

=

3

k]

S 80

é SHC-retorts
°

w 70

60 1 4
0 5 10 15 20

Calorific value, MJ/kg

H LOS = Approximation
O Pulver combusting —— Approximation
A Circulating fluidized bed ~—— Approximation

Fig. 2. Dependence between caorific value and efficiency of units

The consumer of oil shale is interested in product quality. On the one
hand, better quality of the raw material or fuel allows reduction of costs for
transportation, processing and burning, and, on the other hand, it ensures
higher quality of processing and cleaner environment. Hence, with regard to
the utilization (processing, burning), mineral raw material of higher quality
is beneficial. The main instrument to regulate the quality of oil shale is the
price. Oil shale price is strongly conservative today — in practice it does not
depend on calorific value of oil shale and cannot control oil shale flow [16].
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Fig. 3. Unprocessed oil shale pieces from the LOS-process waste dump

Conclusions

¢ This study offers a classical optimising equation resulting in determina-
tion of the optimal quality (calorific value and grain size) of fuel and raw
material, optimal resource and tuneable prices for trade oil shale flow.

» According to the economy of new oil industry, the mineable resource of
Estonian oil shale could increase.
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