VL ADDITIONAL PROCESS CONSIDERATIONS

1. Steam Generation

The coal gas desulfurization with sulfur production overall process is exothermic. DSRP
and AHGP both require heat removal for condensation and to maintain reaction temperatures.
The heat removal requirements create the opportunity to generate high pressure steam that could

drive plant equipment or be incorporated into the plant’s power generation steam cycle.

Steam generation has been modeled as a closed loop. Steam is generated by removing
heat from the desulfurization process. The steam is then utilized, by undefined means,
condensed, cooled and the condenséte is reused. Cooling tower water is used to cool the steam-
condensate loop (Figure 8). There are benefits to having a self-contained loop for steam
production. First, it makes it easy to maintain steam-condensate purity, which reduces fouling
and corrosion. It also allows for higher cool water feed temperatures (~ 90°C), which increases

steam production.

Figure 8: Schematic for HGD Steam Generation

Steam Steam Warm g ater W.
| Utilization — :

Desulfurization Heat Cooling
Process Exchanger Tower
Cool High Pressure Water : Cool Tower Water

The steam generated from the HGD process was assumed to be at 950 psia and 441°C
(Appendix F). Since desulfurization would be incorporated into a larger power generating plant,
it is not possible to discern the most useful steam conditions without knowledge of the power
generation facility. It is likely that steam generated from the HGD would be utilized by existing

power plant equipment. Since the end use of the steam generated is unknown a generic dollar
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credit for the steam generated was used for the economic analysis. Peters and Timmerhaus
(1991) state that 500 psig steam was worth $ 0.0039/1b in 1990; this value was used during the
economic assessment. The benefit calculated should be a conservative value since the simulated
steam produced is at a higher pressure (950 psia) and the economic calculations use 1996 as a
basis. HoWever, another source notes that for 900 psi and 441°C steam, 1 kWh power generation
can be expected per 22.44 pounds of steam (Noyes). The economic credit from the conversion of
steam to power according to this relationship was less than the credit obtained using the Peters
and Timmerhaus relationship. Since the Peters and Timmerhaus credit value is conservative and

still predicts a larger benefit, the Peters and Timmerhaus value was used.

2. Material of Construction

Type 310 stainless steel (25%Cr - 20%Ni) should be used for thé construction of
equipment that contacts sulfur species. Type 310 stainless steel (SS 310) will be more durable
than type 316 stainless steel (SS 316) (17%Cr - 8% Ni - 2%Mo). Higher chromium content gives
SS310 greater oxidation resistance, and the higher nickel concentration gives improved
resistance to carburization (EPRI). Cost data for SS310 is not contained in ASPEN so SS316

material cost factors were used.

3. Sulfur Storage

Transporting molten sulfur is preferred over solid sulfur. Liquid sulfur is easier to
transport and reduces handling losses. It will be necessary to store the molten sulfur before it is
shipped out by train. The storage tank should be capable of storing several days worth of
recovered sulfur. It should also be equipped with a heat exchanger to keep sulfur molten. The
costs of the sulfur storage tanks were calculated using ASPEN assuming SS 310 was used to

 construct storage for seven days of sulfur production (SS 316 was entered in ASPEN due to lack
of data for SS 310).
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4. Process Operation

The DSRP should be the easier process to operate. Balancing the SO, production and
consumption in the AHGP appears to be particularly difficult. The dffﬁculty arises from the
reaction of FeS with SO, to form elemental sulfur. The reaction’s equilibrium varies
significantly with temperature. If the reactants are too thermodynamically favored, less SO, will
be consumed than expected. However, SO, production will remain constant (sorbent oxidation

being driven to completion by oxygen). Thus, if the reaction:
380, + 4FeS <==> 7/2S; + 2Fe,0; @)

does not reach design conversions, SO, flow will increase and sulfurized sorbent will be returned
to the desulfurization reactor. With SO, already present in great excess the increased SO, flow

will not significantly shift equilibrium towards the products.

It is recommended that the AHGP be operated at conditions that will cause a net
consumption of SO,. Replenishing depleted SO, levels can easily be accomplished by increasing

the oxygen feed. Excess oxygen will convert elemental sulfur into SO,.

Preventing the build up of impurities in the SO, loop contributes to the complexity of the
AHGP. Venting a portion of the loop is undesirable since it contains mostly SO,. Venting
would release SO,, emissions the system is designed to eliminate. Operating the AHGP requires
determining the rate at which impurities build up in the recycle loop and the appropriate purge
stream for the rate of build up. The purge stream should be fed to the desulfurization reactor,

reducing the release of SO..
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VII.  ECONOMIC ANALYSIS

1. Capital Expenditures

The AHGP requires more capital investment than the DSRP. Reactors account for over
half of the capital investment. The higher cost of AHGP reactors results in an higher overall
capital investment necessary for the AHGP (Figure 9). The majority of equipment was costed
using ASPEN. Equipment costed by ASPEN has a purchase date set at June, 1996. Equipment
contacting sulfur will experience less corrosion when constructed of stainless steel 310 (SS310).
Since ASPEN lacks material of construction correction factors for SS310, SS316 values were
used. While the majority of equipment was costed using ASPEN, the equipment that comprises

the majority of the capital expenditures, such as the reactors, were estimated by other means.

The reactor costs were calculated using a procedure outlined in Peters and Timmerhaus
(1991). The reactor costs were determined using the amount of steel required for their
construction. The procedure is described in appendix G, and the calculations are contained in

appendix H and appendix I. The reactor cost includes the cost of installation.

Another piece of equipment not costed by ASPEN is the PRESAIR - air compressor used
in the DSRP. PRESAIR costs were determined by scaling a price quote for the Ingersoll-Rand
Centac air compressor. The Centac Model 2CV23M3EEPF, capable of raising 2,250 acfm to
280 psia, was quoted at $241,000. Extrapolation was used in determining the cost of
compressors needed for the different flow rates. Figures in Peters and Timmerhaus (1990) were

used to determine the rate at which compressor costs change with varying flow rates.
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Figure 9 : Distribution of Capital Costs
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There are additional capital costs not included in this report, two of which, piping costs
and sorbent/catalyst costs, will probably be significant. There will be other expenses, like
additional office space for employees, which are site dependent. The site dependent expenses
should not have an significant effect on the total capital investment calculations. At this stage of
investigation the piping and sorbent/catalyst cost are assumed identical for both HGD process. If
this assumption is valid than a comparison of the overall capital costs for the AHGP and the

DSRP will not be affected by their absence.

2. Yearly Operating Costs

The AHGP has a lower yearly operating cost than the DSRP Flgures 10 and 11 show

the distribution of the major yearly expenditures for both processes.
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Figure 10: Distribution of Yearly Expendatures
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Figure 11: Yearly Expendatures for Different Levels of Power Generation
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The bases cases (DSRP and AHGP) have coal gas feeds containing 0.85 mol% H,S and produce
260 MW. Most of the yearly expenditures decline as the amount sulfur in the coal gas is
decreased (DSRP-c and AHGP-c have feeds containing 0.25 mol% H,S). The exception is the
yearly costs of additional employees, which have been assumed to be dependent on the
complexity of the HGD process and not its size. As the sulfur concentration decreases both the
absolute expenditure difference (DSRP cost - AHGP cost) and the relative expenditure difference
([DSRP cost - AHGP'cost] / AHGP cost) decrease. This decrease indicates that the competitive
advantage of the AHGP is smaller for cleaning a coal gas stream containing a low H,S
concentration. The same trend exists comparing the economics of different levels of power
generation: the AHGP’s yearly economic advantage over the DSRP declines as the overall power

generation is decreased.
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Figure 12: H2S Concentration's Effect on HGD Yearly Operating
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In assessing the yearly cost of maintaining HGD, benefits of the process should also be
accounted for. Two sources of credit were observed: the recovery of sulfur and the production of
steam. Sulfur credits where consistently larger than steam credits within the same simulation.
The sulfur credits remained virtually unchanged between corresponding DSRP and AHGP
simulations. Figure 12 and 13 show that for several AHGP conditions the credits are larger than
the expenditures. This results in negative yearly operating costs. When larger amounts of sulfur
are removed, the yearly expenditures combined with the sulfur and steam credits result in
negative yearly costs for the AHGP. In such cases it is more profitable to use the AHGP, then to
leave the coal gas stream untreated (if Federal Regulations allowed). The profit that results from
the sale of recovered sulfur (Appendix M) allows the AHGP to be more profitable than

generating power without desulfurization.
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Figure 14: Yearly Costs as a Function of Sulfur Feed
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The yearly costs have a linear dependence on the amount of sulfur being processed. This
can be seen by comparing all simulations (DSRP, DSRP-b, DSRP-c, DSRP-100, DSRP-500,
AHGP, AHGP-b, AHGP-c, AHGP-100, AHGP-500). Figure 14 shows that regardless of how the
sulfur feed is varied (changing concentration vs. changing power generation), the yearly costs

scale directly with sulfur removed.
2.a. Electrical

The pumps and compressors have been assumed to account for the majority of the
electrical requirements for the HGD processes. The additional power requirements for lighting
and instrumentation have been assumed to be 20% of the compressor and pump requirements for
the base case of each HGD. It is assumed that the additional power requirements will not vary

significantly with plant size.

The DSRP power requirement is significantly higher than that of the AHGP. The
PRE.SA[R air compressor is the reason for the high DSRP power requirement. The air
compressor supplies air to the regenerator for the oxidation of sulfurized sorbent. It is interesting
to note that the cost of supplying oxygen by compressing air is more than the cost of separating

oxygen and then compressing the pure oxygen. The phenomenon is not unprecedented; it has
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been observed that as the pressure of injection is raised the cost of compressing air increases

faster than the cost of separating oxygen and pressuring only oxygen (Hvizdos).

The compressed nitrogen feed to the DSRP - based process regenerator that is included
in the air stream will increase the total volumetric flow to the turbine. This would indicate that
there should be a power credit associated with the nltrogen s introduction, offsetting some of the
compression costs. However, nitrogen will also increase the heat capacity of the stream,
lowering the combustion temperature, thus lowering the power production. These competing
effects have been assumed to cancel each other out. The design work assumes there is no change

in power production attributed to the introduction of nitrogen.
2.b. Cooling Water

The steam generation/cooling 106p is closed; maintaining water purity is not difficult for
a self-contained loop. Furthermore, makeup water requirements will be negligible, for the detail
level of this report. The is no debit calculated for the HGD steam system water because of the

above mentioned reasons.

The steam condensate is assumed to be cooled to 90°C by cooling tower water. Tower
water is exposed to the atmosphere, which means maintaining water purity will be an issue.
There will also be makeup water requirements. Therefore a yearly debit has been calculated for
the use of tower water. The tower water flow rates have been calculated in the Complete Steam
Generation Scheme simulations (Appendix F). The tower water cools the steam stream that is
considered “utilized.” Utilized steam is a stream that was steam (441°C, 950 psia) but has been
reduced to 30 psia and the corrésponding bubble point temperature. Tower water cools the
utilized steam stream to 90°C, before its reuse. The cost of the tower water is $2.6x107%/Ib
(Peters). The cost of the tower water is insignificant compared to the other yearly capital
expenditures.

The cost of the tower is not an issue as there will already be a tower on site. HGD water

sent to it will represent only a minor increase in load.
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2.c. Oxygen

The cost of supplying oxygen has been assessed as a yearly expenditure with no capital
cost. Dr. George Roberts indicated that its reasonable to expect oxygen to cost $20/ton. The
value is reasonable when compared with a dated guideline (Chilton, 1960) stating 99.5% pure
oxygen at 450 psig would sell at $8 to $15/ton. There are no capital costs associated with the
supplied oxygen assuming the oxygen will be bought from a gas supplier, in which only a usage
charge is assigned. The price has been assumed to be set at $20/ton, the price will actually be
dependent on usage. The unit cost of oxygen decreases as quantity purchased increases.

There are oxygen costs only for the AHGI;, since air is used to oxidize the sorbent in the
DSRP.

2.d. Additional Employees

The number of additional employees required to operate the HGD processes have been
assumed constant with process size. The additional employees required will depend more upon
the ‘complexity of the process than its size. The hiring of two additional engineers and two
maintenance personal have been assigned to the DSRP. The AHGP has the hiring of three
engineers accounted for. An additional engineer is hired since the AHGP is a more complex
process to control because SO, production and consumption must be balanced. Furthermore, the
purity of the SO, loop must be maintained. Two maintenance personnel are also accounted for in
AHGP costs. The unit cost for an engineer is assumed to be $100,000/year, and maintenance

personnel are assumed to cost $70,000/year. These numbers include the base salary and benefits.

2.e. Consumed Coal Gas
Coal gas (H; and CO) is consumed in both HGD processes. The consumption reduces
the amount power that can be produced. The cost of consumed coal gas is calculated from the
| CO and H, lost during HGD, and calculating the value of the energy that the CO and H, could
have produced. Calculation of power generation is described in Appendix J.
The DSRP consumes substantially more coal gas then the AHGP; this is the major factor
in the lower yearly operating cost of the AHGP.
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2.f. Additional Yearly Expenditures

Sorbent and catalyst attrition have not been accounted for in this report. The rate at
which sorbent and catalyst need to be replaced times their unit cost will represent another yearly
expenditure. Assuming the attrition costs for both processes are identical a comparison of the
process economics will be unaffected by the absence of attrition costs in this report.

Maintenance charges have not be fully accounted for in this report. While the cost of
additional employees to maintain equipment has been included, the cost of the replacement parts
and equipment have not. Yearly maintenance costs should increase with years of service as well

as with the size of the HGD process.

3. Economic Summary
The AHGP has a higher initial startup costs, indicated by its larger capital requirements.

However, the AHGP has lower yearly expenditures then the DSRP. The operating cost

difference is large enough to offset the initial startup cost difference within a few years.

Figure 15: Cumulative HGD Investment
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Figure 15 shows that despite an higher initial investment, within two years the AHGP
can financially outperform the DSRP.
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VIlI. SUMMARY

Mass and energy balances were calculated for the Direct Sulfur Recovery Process -
based Hot Gas Desulfurization and the Advanced Hot Gas Process. Establishihg the balances
has helped determine the equipment requirements for both processes. The specifications for the

major pieces of equipment have been described in this report.

Simulating the HGD processes revealed the complexity of both processes. The AHGP
appears to be the more difficult of the two processes to operate. More employees may be needed

to operate the AHGP process than the DSRP -based process.

Capital costs for the AHGP are higher than those for the DSRP. However, yearly
operating costs for the AHGP are considerably less than those of the DSRP. After two years of
operation the total cost of implementing an AHGP will be less then the cost of a DSRP -based
process. It will be more difficult to operate an AHGP but the substantial savings the process

delivers makes it the more desirable process to implement.
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Appendix A -

Calculation of the SO, Circulation Rate for AHGP

SO; circulation rates are set to create the desired flow conditions in the regenerating
reactor. First the sorbent flow rate through the regenerator must be determined. Al,O; must pass
through the reactor in large quantities to keep the adiabatic temperature raise small. The sorbent
flow is used to determine the reactor’s cross sectional area. The SO, circulation rate necessary to

provide a 2.5 c/s upwards velocity is then calculated. Calculation results follow:

S02 Regenerator Sizing - Commercial Embodiment

AGHP

(SO2 Regen) (SO2 Regen)

Givens: Case E-2
Sorbent circulation rate, Ib/hr 166010
Sorbent bulk density, Ib/ft3 62.4
Req'd rxtr residence time, hr 1
Regen Gas Vgyper, cM/sec 25 .
Desired H/D 2
Adjusted values:

Assumed Bed Depth, ft 10
S02 needed ft3/hr 79,813
Calculated values:

Hold-up volume, ft3 2660
Diameter, ft 18
X-section area, ft2 ' . 266
Calculated H/D 0.54
RG Vol. flow rate, acf/sec 21.8
RG flow rate, Ib/hr 86366
Ratio of RG flow/sorbent, Ib/lb 0.52

Calculated Bed Depth, ft

Operating conditions/Gas Density Calc'ns:

Pressure, psig 275
Pressure, psia 289.7
MW of gas 64
Bed Temp., C 600
Bed Temp., R 1571.67
R, gas constant, ©10.73
Gas density, Ib/ft3 1.1
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Appendix B
Heat Transfer Coefficients

The following approximate overall heat transfer coefficients were found in the literature. The
values were in used estimating the heat exchangers’ overall heat transfer coefficients.

Coolers
Hot Fluid , Cold Fluid Overall Up, BTU/hr ft* °F
Water Water 250 -500
Gases Water 2-50

Heaters
Hot Fluid Cold Fluid Overall Up, BTU/hr ft’ °F
Steam Water 200 - 700
Steam Gases 5-50

Values above found in Kern (1950).

Fluid combination U, BTU/hr ft* °F
Water to compressed air 10-30
Water to water 150-275

Steam to aqueous solutions 100-600

Steam to gases - 5-50

Values above found in Welty, Wicks, and Wilson (1984).
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Appendix C
Determination of Catalyst Velocity in DSRP Reactor

In order to determine whether the catalyst in the DSRP Reactor (a fast fluid-bed reactor) will be
transported to the top of the reactor by the gas feed, the following calculation was performed. A
terminal velocity calculation was performed on a catalyst particle. This calculation will
approximate the catalyst’s velocity relative to the gas phase. The gas velocity through the DSRP
will be 3 ft/s (0.9 m/s). The catalyst’s relative velocity needs to be less than the gas velocity in
order for the catalyst to be elevated.

Terminal velocity is determined from a force balance on the particle.

dv
m—=F, —F3 — K
dt g d b

Cpv2p(nD3 / 4
dv_ g SOV PR /D mpg
dt 2 Pp

At steady state the left side equals zero and the equations simplify to give the steady state
(terminal) velocity:

ss—\/ (—— )(p )

The catalyst size is 160 micron.
D,=1.6x10*m pp =12 g/em’ g=9.8 m/s’

Bulk samples of the catalyst have a density (pou) of 0.9 g/cm’. The bulk catalyst is assumed to
have a packing fraction of 0.74, the highest packing fraction possible for spheres. Assuming the
packing fraction enables calculation of the individual catalyst density (p,).

Po= Poulk /(packing fraction) pp = 1.2 g/em® = (0.9 g/em’) / (0.74)

The gas density is taken as a weighted average of the feeds ROG-COOL and SLIPSTRM.

p =0.50 Ib/ft® x (1,000 gr) / (2.205 Ib) x (1 ft) / (30.48 cm)’ = 0.008 g/cm’ = 8 kg/m’
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Inserting the values gives:

The drag coefficient Cp is correlated with the Reynolds number (Ngc)of the gas phase. After
determining the Reynolds number Cp can be determined from charts in Bird (1960).

NRe = Dp Vss P / Q

The steady state velocity is determined iteratively. That leaves L, viscosity of the gas, the only
other unknown.

For viscosity calculations, the gas will been assumed to have the properties of nitrogen (N,
represents over 50 wt% of reactor gas).

Reactor conditions T = 600°C and P = 275 psia.

The Reichenberg correlation was used for the determination of the high pressure viscosity
(Perry’s 3-279). The correlation typically has errors of less than 10 percent.

Equations
(- O/ L) =AP S/ [BP,+(1+CPP)Y

A=19824x10°T," exp (5.2683 T, ')
B =A (1.6552 T, - 1.2760)
C=0.1319 T, exp (3.7035 T, ”*")

D =2.9496 T, " exp (2.9190 T, '**'%®)

Nitrogen Properties
T.=T/T,=873K/1262K=6.91 P, =P /P,=275 psia/ 492 psia = 0.559
1’ =p (1 atm, 873 K) = 3.8 x 10® Poise
And for nonpolar molecules: P = 1

Calculated Values
A =0.001615 B=0.0164 C=0.01909 D=0.4269

(W-R)/ (%) =6.7498 x 10™ /0.9945 = 6.787 x 10™

L=38x10"+ (3.8 x 10*)(6.787 x 10™) Poise
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n=3.8x10"Poise=3.8x 10° Pas=3.8x 10° kg/(m s)
The Reynolds number is can now be expressed:
Nie = (1.6 x 10* m) ( vss ) (8 kg/m®) /[ 3.8 x 10”° ke/(m 5)]

NRe = (Vss) 33-68 S/m

And our velocity equation is: Vgg =

First Iteration, take vy = 0.9 m/s then Ng. = 30 (above equation)
For the above Reynolds number Cp = 2.4 (Fig. 6.3-1 in Bird)
Velocity equation gives vi = 0.36 m/s

The calculations are repeated.

Second iteration: Vss = 0.36 m/s Nre=12
Cp=4.2 Ve = 0.27 m/s
Third iteration: ves = 0.27 m/s Nge =9.09
Cp=4.9 V= 0.252 m/s
Fourth iteration: Vss 0.252 m/s Ng. = 8.49
Cp=5.13 Vs = 0.247 m/s
Fifth iteration: Vs 0.247 m/s Nge = 8.33
Cp=5.19 Ves = 0.246 m/s

The velocity of falling catalyst is 0.25 m/s. Thus in a gas stream flowing up at 0.9 m/s the
catalyst will rise at 0.65 m/s (2.1 ft/s).

CONCLUSION:The gas stream will be capable of elevating the catalyst.
Sorbent in the risers will be elevated at approximately the same velocity (20 ft/s)
as the gas lifting it.
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Appendix D
Calculation of DSRP Catalyst Cycling Rate

The rate at with catalyst is fed to the DSRP was determined by the heat removal requirements of
the DSRP reactor. Heat is removed from the reactor by cooling the catalyst effluent and
reintroducing that catalyst. Exiting catalyst temperature is set at 600°C and the catalyst is cooled
to 500°C. '

Catalyst Properties

The DSRP reactor catalyst is a porous aluminum oxide catalyst modeled as ALO;. Catalyst
density at ambient conditions is 56.18 Ib/ft’. This density includes the void space filled by air.
ASPEN was utilized to determine the void space in the settled catalyst, assuming nitrogen fills
the voids in the solid catalyst. At ambient conditions 1 Ib of ALO; and 0.00095 1b of N, have a
combined density of 55.6 Ib/ft’.

The similar densities allow us to assume that there is roughly 0.00095 1b of nitrogen present for
every 1 1b of solid Al,Os (at ambient conditions). That quantity of nitrogen occupies 0.0132 ft*
(at ambient conditions). This represents the catalyst void volume and is expected to remain
constant.

Vioia =0.0132 ft* / 1 1b ALO;

The density of the gas in the reactor was taken as the average of nitrogen’s density at 600°C (275
psia) and 500°C (275 ps1a)

Peas = 0.483 1b/ft’
Therefore the mass of gas (in the settled catalyst) per pound Al,O; can be calculated.
Mg, = 0.483 1b/ft’ x 0.0132 ft* = 0.0064 Ibs

The heat transfer requirements for cooling Al,O; were than simulated (including cooling nitrogen
contained in the catalyst voids).

Q(600°C -> 500°C) = -51.239 BTU/Ib AL,O;
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Calculation of necessary catalyst circulation rate:

(circulation rate {Ib/hr}) = (Qpsre) / ( -51.239 BTU/Ib ALOs)

DSRP (circulation rate {Ib/hr}) = (-15,340,000 BTU/hr) / ( -51.239 BTU/Ib Al,05)
=300,000 1Ib ALO;/ hr . ‘

DSRP-b (circulation rate {Ib/hr}) = (-51,320,000 BTU/hr) /(-51.239 BTU/Ib Al,05)
=1,000,000 Ib ALO;/ hr

DSRP-¢ (circulation rate {Ib/hr}) = (4,029,000 BTU/hr) / (-51.239 BTU/Ib Al,05)
=179,000 Ib ALO;/ hr

DSRP-100  (circulation rate {Ib/hr}) = (-6,459,000 BTU/hr) / ( -51.239 BTU/Ib AL,Os)
=130,000 Ib ALO; / hr

DSRP-500 (circulation rate {Ib/hr}) = (31,370,000 BTU/hr) / ( -51.239 BTU/Ib ALO)
= 610,000 Ib ALO; / hr
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Appendix E

Process Flowsheets and Stream Summaries

Direct Sulfur Recovery Process Simulations

DSRP (base case) 0.85 mole% H,S

DSRP-b 2.50 mole% H,S
DSRP-c 0.25 mole% H,S
DSRP-100* 0.85 mole% H,S
DSRP-500 0.85 mole% H,S

260 MW generated
260 MW generated
260 MW generated
110 MW generated
540 MW generated

Advanced Hot Gas Process Simulations

AHGP (base case) 0.85 mole% H,S

AHGP-b 2.50 mole% H,S
AHGP-c 0.25 mole% H,S
AHGP-100* 0.85 mole% H,S
AHGP-500% 0.85 mole% H,S

260 MW generated
260 MW generated
260 MW generated
110 MW generated
540 MW generated

*DSRP-100, AHGP-100, and AHGP-500 were not simulated. The flowrates and heat duties will

scale directly from the base cases (DSRP and AHGP). DSRP-100 and AHGP-100 values equal
DSRP and AHGP values scaled by 0.4211. AHGP-500 values equal AHGP values scaled by

2.1055.
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