INTEGRATED DYNAMIC SIMULATION OF LARGE THERMAL SYSTEMS

APPENDIX A

SIMULATION MODELS

This appendix presents all the existing simulation models in QUICKcontrol and typical

system curves of certain equipment.
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A.l. PUMPS

A.1.1 Assumptions:

¢ No psychrometric property relations are needed to calculate the liquid density. The
density is taken throughout as p,= 1000 kg/m®. Similarly the specific heat at constant
pressure will be taken throughout as ¢, = 4187 J/kg°C.

» The drive motor may not be situated within the liquid flow.

¢ The dynamic pressure difference over the pump is assumed to be negligible.
A.1.2 Parameters:

a. Correlation coefficients for the K versus K, relation with j =0 to 2.

b. Correlation coefficients for the n,, versus K, relation with j = 0 to 2.

A.1.3 Inputs:

A.1.3.18imulation:

m, Mass flow rate of liquid at inlet [kg/s].

T;; Temperature of iquid entering at inlet [°C].

A.1.3.2Interface:

D Rotor diameter [m].

N Rotational speed of the pump [rpm)].
MNumotor Efficiency of the drive motor.

H Pressure head [m)].

q Flow rate [kg/s].

pump Pump efficiency.

A.l.4 Outputs:

dP, Static pressure rise [Pa].

T Temperature of hquid leaving at outlet [°C].

le

Pwr Pumping power required [W].
A.1.5 Internal variables:

H, Extra pressure head point [m].

H, Extra pressure head point [m].
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K, Dimensionless flow coefficient,

K, Dimensionless pressure head coefficient.
Npump Efficiency of the pump.

M, Extra efficiency point.

n, Extra efficiency point.

Q, Rate of heat gain to the liquid [W].

A.1.6 Explicit equations:

Three different pressures and efficiencies at three different flows are needed to calculate the
correlation coefficients. A flow variation of 20% above and below the interface input value is

assumed. The extra points are then calculated as follow:

H, = a,(0.8q)°+ b,{0.8q) + ¢,
n, =a,(0.8q)*+ b,(0.8g) + ¢,
H, = a,(1.2q)*+ b,(1.2q) + ¢,
M, =2,(1.2q)*+ b (1.2q) + ¢,

with
a,=-0.63125
b, = 1.18125
a, =-0.06188
b, = 0.33625 for 0<q<3.
a,= -0.25914
b, = 0.591667
a, =-0.01816
b, =0.150308 for 3<q<7.5.
a,= -0.3248
b, =3.736
a, = -0.00648
b, = 0.133 for 7.5<q<15.
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8, = -0.100
b, = 2.197
a, = -0.00507
b,=0.159 for 15 <q<20.
a,= -0.02674
b, = 0.639
a, =-0.00089
b, = 0.05089 for 20 <q<40.
a,= -0.01505
b, = 0.88875
a, = -0.00028
b, =0.029263 for 40 < g <80.
a,=-0.00164
L= 0.262
a, =-0.000047
b, =0.010467 for 80 <q<150.

These values were calculated as the average values of the coefficients of a wide range of
centrifugal pump curves. These results are shown in figures A.1 to A.14, ¢, and ¢, are now
calculated from the one given operating point obtained from the supplier or measurements.

This implies only one operating point is needed to obtain the mathematical model of a

specific pump.

And
¢, =H - (ahq2+ b,q)

¢, =1 -(a,q" + bq)

For each of these three points the K, and K, value must be calculated as follow:

gy
T ONID?
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K= pEéf
Ka = Ngzgz
k= ,011]’?\;3
K = %};2
Rre= p:;;;

Using these values the correlation coefficients can be calculated as follow:

_ (Khz"”Km)(Kf"Kfi)”"(Kfz"KJ«‘L)(Kh“"Khi)
: (Kf22“KILZXKf_Kfl)_(Kfz”KﬂXKfz"Kfsz)

- (Kh. “‘Km)“(Kfl "“"Kfaz)az
l (Kf””Kfz)

2
a, = K, ij‘EaI _Kfl a,

(7, -, )(K‘f -K, )“‘ (Kﬁ ~Kn X’7‘“ 7, )

b, =
’ (Kff-Kff)(f<fw1<f.l)~(1<ﬁmKﬂ)(Kﬂ—Kff)

(77‘77;)_(}(1"2 me;)bl
(Kf*Kfn)

b =

2
by =1~ K b~ K, 'b
These coefficients can now be used to calculate the necessary outputs with the following

explicit equations:

m
K, = !
! 2/ ND*
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Figure A.1: Pressure head correlation for flow between 0 and 3 kg/s
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Pressure head vs. flow rate
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Figure A.2: Pressure head correlation for flow between 3 and 7.5 kg/s
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Figure A.3: Pressure head correlation for flow between 7.5 and 15 kg/s

AT




Pressure head vs. flow rate
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Figure A.4: Pressure head comrelation for flow between 15 and 20 kg/s
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Figure A.5: Pressure head correlation for flow between 20 and 40 kg/s
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Pressure head vs. flow rate
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Figure A.6: Pressure head correlation for flow between 40 and 70 kg/s
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Figure A.7: Pressure head correlation for flow between 70 and 150 kg/s
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Pump efficiency vs flow rate
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Figure A.8: Efficiency correlation for flow between 0 and 3 kg/s
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Figure A.9: Efficiency correlation for flow between 3 and 7.5 kg/s
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Pump efficiency vs. flow rate
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Figure A.10: Efficiency correiation for flow between 7.5 and 15 kg/s
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Pump efficiency vs. flow rate
0.8%
08
0.75 [ e Pumpt1
’// B Pump?2
0 T T T —_::_: Pump 3
g v;"// f—,-?-iﬁ’;\ gt * Pump 4
£ 065 o i X Pumps
o @ Pumpé
E / o + Pump?
B = e S = Pump8
-
= Pump §
0.55 1 Pump 10 -
| SRSKEININERR [ |
6.5
045 + T ]
15 20 25 30 5 40
Flow rate {ka/s}
Figure A.12: Efficiency correlation for flow between 20 and 40 kg/s
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Figure A.13: Efficiency correlation for flow between 40 and 70 kg/s
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Pump efficiency vs. flow rate
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Figure A.14: Efficiency correlation for flow between 70 and 150 kg/s
A.2. FAN
A.2.1 Parameters:
a Correlation coefficients for the K, versus K, relation with j = 0 to 2.

J

b.

; Correlation coefficients for the vy, versus K, relation with j =0 to 2.

A.2.2 Inputs:

A.2.2.1Simulation:

m, Mass flow rate of dry air at inlet [kg/s].

W, Humidity ratio of air entering at the inlet [kg,. ... / k&4, ..]-
h, Specific enthalpy of air entering at the inlet [I/kg,,, ,;.].

A.2.2.2Interface;

D The rotor diameter [mj.

N Rotational speed of the fan {rpm)].
Minotor Efficiency of the drive motor.
P Total pressure [Pa].

q Volume flow rate fm’/s].

Mfan Fan efficiency.
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A.2.3 Qutputs:

dp

a
w

h

E:1

ae

Pwr

Static pressure rise [Pal.

Humidity ratio of air entering at the inlet '{kg‘,mL1r ! Ky aiel-

Specific enthalpy of air entering at the inlet [J/kg,,, ...].

Power required [W].

A.2.4 Internal variables:

Q.

Extra pressure points [Pa].

Extra pressure points [Pa].

Dimensionless flow coefficient.

Dimensionless pressure head coefficient.

Efficiency of the fan.
Extra efficiency point,
Extra efficiency point.

Air density [kg/m’]

Rate of heat gain to the air [W].

A.2.5 Explicit equations:

Three different pressures and efficiencies at three different flows are needed to calculate the
correlation coefficients. A flow variation of 10% above and below the interface input value is

assumed. The extra points are then calculated as follow:

with

P; = a,(0.99)"+ b,(0.99) + ¢,

’11 = 311(0-9CI)2+ bﬁ(ogq) + Cn f

P, =a,(L.1g)"+ by(l.19) + ¢,

N, =a,(1.1g) + by(L.1g) +c,

a,=-823.114
b, = 354.706

a, =-95.3q* +108.78q—33.777

b, =18.281¢% - 24 +10.802

for 0<q<1 [m¥s].
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a,=-147.577
b, = 378.984

a, =—0.2432q* +1.4215q~2.176

,=03379q" ~2.2688q+4.4056 for 1<q<5 [m¥s].

a,=-33.262
b, = 309.9086
a, =0.0074q-0.0801

b, =-0.054g +0.7516 for 5<q<15 [m¥s].
8,= -5.47298
b, = 158.6346
a, = -0.00299
b, =0.1219 for 15<q<30 [m¥s].
a,= -2.14676
b, = 74.34644
a, =-0.0014
. = 0.081011 for 30<q<60 [m¥s].

These values were calculated as the average values of the coefficients of a wide range of
backward curved centrifugal fan curves or as a function of flow. The a and b coefficients as a
function of flow can be seen in figures A.15 to A.20. The accuracy of this can be seen in
figures A.21 to A.30. ¢, and ¢, are calculated from the one given operating point obtained
from the supplier or measurements. This implies that only one operating point is needed to
obtain the mathematical model of a specific fan.
And

¢,=P-(a,q°+bq)

¢, =M -(a,q"+b,q)

For each of these three points the K, and K, value must be calculated as follow:
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K = P; 5
paN D
0.
K = £2:099)
P.ND
P
Kh = 7+2
~AND
Ky = Pa@’3
P.ND
P
AND

AN,

Using these values the correlation coefficients can be calculated as follow:

(Khz ”"”Khl)(Kf _Kfl)“(Kfz WKleKh "Khl)

=T (K.flz ”Kflzfo ""”Kfl )‘(Kfz —Kfl XKI2 "“Kflz)
Q. = (Kh """Km)_(Kfz "Kfaz)az
} (Kf _Kfl)
a, =K “’Kfzan ”Kf12az
b, = (772"““U;)(Kf—Kfa)_(Kfz“KﬂX’?“Wl)
’ (Kfz2 MKIIEXKJ’ K, )‘ (Kf2 “Kﬂ)(Kfz "K.flz)

(U_Ui)”(Kfz"”Kﬂz 2
(KI"KII)

b, =

by =1, — K 11, “Kﬂzbz
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These coefficients can now be used to calculate the necessary outputs with the following

explicit equations:

pa mg’(hzzi’.wai)

2.9

" pND
K, =a,+23K, +a,K,’

P

total = thaNzDz
Tin =Dy + b K, + szf2

(1 - 77fan )maPtota!
e 77]2111

Qﬂ:

motor outside airstream

Q - (1 - Ufan?]momr )’naRoml

a P07 motor inside airstream
a'f fan’fmoior
Wae™ Wai
haﬁ = haz‘ +
ma
PW?‘ - Bﬁura!ma
pa 77momr ”far:
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Coefficient a vs volume flow rata
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Figure A.15: Efficiency’s a coefficient as a function of volume flow rate for flow between 0 and 1 m%/s
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Figure A.16: Efficiency’s a coefficient as a function of volume flow rate for flow between t and 5 m'/s
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Coefficient a vs. volume flow rate

.005

-0.0%

-0.015

Coefficient a
L4
*

-0.02

-0.026 hJ

-0.03 i

~0.035

Voiume Mow rate im’is}

Figure A.17: Efficiency’s a coefficient as a function of volume flow rate for flow between 5 and 15 m*/s
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Figure A.18: Efficiency’s b coefficient as a function of volume flow rate for flow between 0 and 1 m¥/s
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Cosfflcient b v&. voluma flow rata
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Figure A.19: Efficiency’s b coefficient as a function of volume flow rate for flow between 1 and 5 m%/s
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Figure A.20: Efficiency’s b coefficient as a function of volume flow rate for flow between 5 and 15 m%/s
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Total pressure vs. volume flow rate
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Figure A.21; Total pressure correlation for a volume flow rate between 0 and 1 m¥/s
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Figure A.22: Total pressure correlation for a volume flow rate between | and 5 m*/s
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Total pressure ve. volume flow rate
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Figure A.23: Total pressure correlation for a volume flow rate between 5 and 15 m*/s
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Figure A.24: Total pressure correlation for a volume flow rate between 15 and 30 m%/s
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Total pressure vs, volume flow rate
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Figure A.25: Total pressure correlation for a volume flow rate between 30 and 60 m%/s
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Figure A.26: Fan efficiency correlation for a volume flow rate between 0 and 1 m’/s
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Fan efflciency vs. volume flow rate
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Figure A.27: Fan efficiency correlation for a volume flow rate between 1 and 5 m*/s
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Figure A.28: Fan efficiency correlation for a volume flow rate between 5 and 15 m¥/s
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Fan efficiency vs. volume flow rate
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Figure A.29: Fan efficiency correlation for a volume flow rate between 15 and 30 m*/s
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Figure A.30: Fan efficiency correlation for a volume flow rate between 30 and 60 m%/s

A.3.  AIR COCLED LIQUID CHILLER

A.3.1 Parameters:

f Active fraction of total capacity,
a, Regression coefficients for cooling capacity.
b, Regression coefficients for power.
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A3.2 Inputs:

A.3.2.1Simulation:

My, Mass flow rate of water through the evap'orator [kg/s].

Tievapy Temperature of water entering evaporator [°C].

Woiccond) Humidity ratio of air entering the condenser (X8, apour / KBury airl-

hiccona) Specific enthalpy of air entering the condenser K4y air]-

A3.2.2Interface:

Cc Cooling capacity at the expected operational temperatures of the chiller [kKW].
P Com}aressor power at the expected operational temperatures of the chiller

[kW].

Expected dry bulb temperature of the air entering the condenser [°C].

aa

Expected temperature of water exiting evaporator [°C).

ce

A.3.3 Outputs:

Tieqevan Temperature of water leaving evaporator [°C].
Q. Cooling capacity [kW].
Pwr Power consumed by the compressor and fan [kW].

A.3.4 Internal variables;

T Dry bulb temperature of air entering condenser[°C).

ai{cond)

A.3.5 Explicit equations:
T, aifcond) — é‘(hai(cana’) > wai(cond))
Q, = f(ao + T ey T+ a2Tai(mnd))
With
a, =-0.0112Cec + 0.024
a, =0.0265Cc - 0.2547

aO = CC—('TeeaE +Taaa2)
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Coefficients a, and a; were found to be linear over a wide range of chillers with respect to
cooling capacity as can be seen in figure A.31 and A.32. a,is calculated from the one given
operating point obtained from the supplier or measurements. This implies that only one

operating point is needed to obtain the mathematical model of a specific chiller.

Pwr = f(bo + bij—:'i(evap) +b, Tas(mnd))
With
b, =0.0079P+0.3051

b =0.0184P-0.1403

bG =P- (Teebl + Taab2)

Cocficients b, and b, were found to be linear over a wide range of chillers with respect to
compressor power as can be seen in figures A.33 and A.34. byis calculated from the one given
operating point obtained from the supplier or measurements. This implies that only one

operating point is needed to obtain the mathematical model of a specific chiller.

Cuoefficient a1 vs cooling capacity
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Figure A.31: Coefficient al as a function of cooling capacity
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Caefficient a2 vs cooling capacity
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Figure A.32: Coefficient a2 as a function of cooling capacity

Coefflciant bt vs compressor power [kW]
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Figure A.33: Coefficient bl as a function of compressor power
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Coefficlent b2 vs compressor power
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Figure A.34: Coefficient b2 as a function of compressor power

Ad. WATER COOLED LIQUID CHILLER

A.4.1 Parameters:;

f Active fraction of total capacity.
a, Regression coefficients for cooling capacity.
b, Regression coefficients for power.

A4.2 Inputs:

A.4.2.1Simulation:

My cond) Mass flow rate of water through the condenser [kg/s].
Moy a) Mass flow rate of water through the evaporator [kg/s].
Ticconay Temperature of water entering condenser [°C].
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T Temperature of water entering evaporator [°C].

li{evap)

A.d.22Interface:

Cc Cooling capacity at the expected operational temperatures of the chiller [kW].
P Compressor power at the expected operational temperatures of the chiller
[kWI.

Expected temperature of water exiting condenser [°C].

ce

Expected temperature of water exiting evaporator [°C].

ee

A.4.3 Outputs:

T e conay Temperature of water leaving condenser [°C].
Tegevany Temperature of water leaving evaporator [°C].
Q. Cooling capacity [kW].

Pwr Power consumed by the compressor [kW].

A.4.4 Explicit equations:
Q, = f(ao + 4T oy + azﬂe(emp})
With i

a, =0.0266Cc +2.8714

a, =~0.01Cc +0.2289

a[) = CC - (Tcea! + TeeaE)

Coefficients a, and a, were found to be linear over a wide range of chillers with respect to

cooling capacity as can be seen in figure A.35 and A.36. a, is calculated from the one given
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operating point obtained from the supplier or measurements. This implies that only one

operating point is needed to obtain the mathematical model of a specific chiller.

Pwr = f(bo + D conay T bZIH{emp))

With
b, =0.007P+0.3549
b, =0.0124P +0.4207
by = P~(t. b +t,b,)

Coefficients b, and b, were found to be linear over a wide range of chillers with respect to
compressor power as can be seen in figure A.37 and A.38. b, is calculated from the one given

operating point from the supplier or measurements. This implies that only one operating

point is needed to obtain the mathematical model of a specific chiller.

O, + Pwr
T;e(cond) = I:fi(cond) -
MiccondyC 1
_ Q.
T:'e{evap) - Tii(evap) -
mt’(evap)cpl

Cosfficient a1 vs cooling capaclty
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Figure A.35: Coefficient al as a function of cooling capacity

A-31



APPENDIX A SIMULATION MODELS

Coefficient a2 vs cooling capacity
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Figure A.36: Coefficient a2 as a function of cooling capacity
Coefficlent b1 vs compressor powar
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Figure A.37; Coefficient bl as a function of compressor power
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Coefficient b2 vs compressor powar
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Figure A.38: Coefficient b2 as a function of compressor power

A.5.1 Parameters:

As Coil face area [m*].

R Ratio A /A,

f Fraction of m, that is not bypassed and passes through the coil.

a Correlation coefficients for the b, versus V, relation with j =0 to 2.

A.5.2 Inputs:

m, Mass flow rate of dry air at the inlet {ke/s].

W, Humidity ratio of air entering at the inlet (K& pour K Zaryaiel
h, Specific enthalpy of air entering at the inlet [J/kg,,.;.]-
m, Mass flow rate of liquid at inlet [kg/s].

T, Temperature of liquid entering at inlet [°C].

A.5.3 Outputs:

W, Humidity ratio of air leaving at the outlet (K, apou KE dryair -
h,, Specific enthalpy of air leaving at the outlet [T/KE heyaie]-
T, Temperature of liquid leaving at outlet [°C].
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A.5.4 Internal variables:

A, Total outside heat transfer area [m?).

P, - Air density [kg/m’].

T, Dry-bulb temperature of air at the inlet[°C].

V., Air face velocity [m/s).

h, Outside surface convection heat transfer coefficient [W/m?°C].

Dry-bulb temperature of air at the outlet [°C].
Humidity ratio of saturated air at t, (K8, apour KBy i
h, Specific enthalpy of air at the outlet /K4y aic]-

S Sensible heat ratio.

A.5.5 Explicit equations:

2
h,=ay,+aV, +aV,

Ay = R4,

If Ty 2 £ (T,, saturated) the coil is dry which means that § = 1, W = W, and h,y = h,, and the

following equations apply.

ae ai

i I

*’of‘o{—““*“ ; J mc
e MaCp My -1 _Tr,i‘"l_ a“ pa —]}T

i
m.'cpi
Tae = 3
ﬁA{ i J "
MC o, WHE at pa
e pe MCp ) pa
mfcpj
hae mg(Tr.re?‘l/ljae)

7‘:’ = T " nzacpa (Tae - Taz‘)
mc,
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Else the coil is wet and the following equations apply

Wiy = (T, saturated )

A.5.6 Simultaneous equations:

h :h +hvo(Tz’e_I:z£)m(7:’i_];e)

oo m_Sin (j}e“_f;,)
(T;z' w"T::re)
T, =T, =, ~h)
mfcp,
I;e xTai _M(Tai _T}:)
wai - waa'p

Wae = ;(Tae * hae )
haa‘ = é‘d(Taf ’ wae)

had - hae

) hai _hae

A.5.7 Explicit equation:

T;'e = ﬂ-:’e +(1Mf)z’i
A.6. COOLING TOWER

A.6.1 Parameters:

g Correlation coefficients for the UA versus m, and t, relation with j =0 to 5
m, Mass flow rate of outdoor air through the tower [kg/s]

Pwr,, Power required by the built-in fan [W]

Pwr Power required by the built-in pump [w]

A.6.2 Inputs:

W, Humidity ration of air entering at inlet [kg ,,../kg dry air)

at

al

h, Specific enthalpy of air entering at inlet [J/kg dry air]
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m, Mass flow rate of liquid at inlet [kg/s]

T, Temperature of liquid entering at inlet [°C]

A.6.3 Outputs:

W, Humidity ratio of air leaving at outlet [kg vapoue KE dey air]
h,. Specific enthalpy of air leaving at outlet [J/kg dry aic)

T Temperature of liquid leaving at outlet [°C]

Pwr Input power required [W]

A.6.4 Internal variables:

h, Specific enthalpy of saturated air entering at t,, [J/kg dry aic)
h,. Specific enthalpy of saturated air entering at t,; [J/kg dry i

A.6.5 Explicit equations:

Ud=a, +am +a,I}, + am Py ‘:1:4]‘,1.2 +asm,T,
h,, =10°(16.66326+ 4.7016177, ~ 0.112377,7 +0.0049917," ~0.17197p,.. ~0.01364p, T,
se i 1 h 7 ba {

+ 0'000493pbamm 1}!2 - 2'9x10_5 pbarumr’i})

Pwr = Pwr,, +Pwr,,

A.6.6 Simultaneous equations:

hy =107(16.66326 + 4.701617T,, - 0.112377, +0.0049917,° —0.17197p,,. ~0.01364p, T,
+ 0'000493pbammﬂ82 - 29XI 0“5 pbammﬂe3)

A.6.7 Explicit equations:

T, = &(h,,,saturated )

ue ae
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A7. HEATER

A.7.1 Parameters;

Q.

A.7.2 Inputs:

*

Heater capacity [W]

m, Mass flow rate of air entering the heater [kg/s]
h, Specific enthalpy of air entering heater [J/kg dry aie)
W, Humidity ration of air entering the heater [kg vapour’ K& dey aic]

A.7.3 Outputs:

Specific enthalpy of air leaving the heater [J/kg dry air)

ae

ae

W, Humidity ratio of air leaving the heater [kg vapour’ K& dry air)

A.7.4 Explicit equations:

hae = hai + “:Q"g“
mﬂ
W{JE,' = wﬂl

A8, PID CONTROLLER
A.8.1 Parameters:
t Present time
At Size of simulation time step
0, Throttling range (proportional band) low of controlled variable
Oy Throttling range (proportional band) high of controlled variable
Oy, Low potential of final control element
Dy High potential of final control element
k, Integral control factor
kp, Derivative control factor
A.8.2 Inputs:
0 Value of controlled variable
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A.8.3 Outputs:
) Potential of final control element

A.8.4 Internal variables:

0, Set-point value of controlled variable

¢, Set-point potential of final control element
Kk Proportional control factor

g Error function

A.8.5 Explicit equations:

&, +0,
QP ! ; A
&, + by,
¢sp - 2
e ¢’lo B ¢hz
b
!9!'0 9}“
& =6,-6,
if=6_,<6, then ¢ =¢_
else if 6_, 26, then b =g,
t=f—A £ £,
else @, = ke, +k; ng o] + kb{_t_éif}

A.9. STEP CONTROLLER

A.9.1 Parameters:

t Present time.

At Size of simulation time steps.

n Number of steps.
S Loading set-points of controlled variable. -
S Unloading set-peints of controlled variable.

$rie Loading potential steps of final control element.
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Puiin Unloading potential steps of final control element.

A9.2 Inputs:

0 Value of controlled variable.

A9.3 Outputs:
) Potential of final control element.
A.9.4 Explicit equations:
I£6 26,y and 0,26 then g =4,

Else if ghm = 9,%25; and gzmm = gL,{ then ﬁ"t = ¢U,i
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APPENDIX B

CONFERENCE FACILTIES

This appendix presents all the zone verification results and the new control results of

application 2, chapter 4.
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B.1. VERIFICATION RESULTS

Diamond indoor air
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o
Y 20 e e
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Time {Hour)
Figure B.1: Diamond indoor air verification study
Diamond supply air
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Figure B.2: Diamond supply air verification study
MAX ERROR (°0C) AVERAGE ERROR % OF TIME WITHIN 2
(OC) OC
SUPPLY AIR 6.8 1.5 75
INDOOR ATIR 1.4 0.9 100

Table B.I: Summary of Diamond resulis
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First Fioor return air
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Figure B.3: First Floor return air verification study
First Fioor supply air
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Figure B.4: First Floor supply air verification study
Max error (°C) Average error (°C) % of time within 2 °C
Supply air 5 1.4 81
Return air 24 0.6 100

Table B.2: Summary of First Floor results
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Foyer supply air
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Figure B.5: Foyer supply air verification study
Foyer return air
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Figure B.6: Foyer return air verification study
Max error (°C) Averape error (°C) % of time within 2 °C
Supply air 34 1.3 72
Return air 4.9 0.2 100

Table B.3: Summary of Foyer results
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Jade suppty air
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Figure B.7: Jade supply air verification study
Jade return air
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Figure B.8: Jade return air verification study
Max error (°C) Average error (°C) % of time within 2 °C
Supply air 12 1.7 88
Return air 1.5 0.4 100

Table B.4: Summary of Jade results
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Temperature (°C)

Ruby supply air
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Figure B.9: Ruby supply air verification study

Ruby indoor air )
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Figure B.10: Ruby indoor air verification study
Max error (°C) Average error (°C) % of time within 2 °C
Supply air 20 3.1 97
Return air 3 H 100

Table B.5: Summary of Ruby results
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Coffee supply air
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Figure B.11: Coffee supply air verification study
Coffee return air
30
~ 25
g -
& g fum
3 Measured
g ® emmune Stmulated
g 10
]
-
5
R
1:00 300 5:00 7:00 9:00 11:00 13:00 15:00 17:00 1900 21:00 23:00
Time (Hour)
Figure B.12: Coffee return air verification study
Max error (°C) Average error (°C) % of time within 2 °C
Supply air 3 0.6 99
Return air 1 0.4 100

Table B.6: Summary of Coffee resuits
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Amber supply air
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Figure B.13: Amber supply air verification study
Amber return air
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Figure B.14: Amber return air verification study

Max error {(°C)

Average error (°C)

% of time within 2 °C

Supply air

6.3

1.6

75

Return air

1.8

0.6

100

Table B.7: Summary of Amber results
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Emerald supply air
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Figure B.15: Emeraid supply air verification study
Emerald indoor air
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Figure B.16: Emerald indoor air verification study
Max error (°C) Average error (°C) % of time within 2 °C
Supply air 5.4 28 27
Return ajr 2.1 1.1 100

Table B.8: Summary of Emerald resuits
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B.2. ENERGY AND POWER RESULTS
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Figure B.17: Fan scheduling energy consumption resuit
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Figure B.18: Fan scheduling peak demand simulation result
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¥igure B.19: Fan scheduling, economiser and setpoint energy simulation result
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Figure B.20: Fan scheduling, economiser and setpoint peak demand simulation result
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Figure B.21: Fan scheduling, economiser and setback control energy simulation result

Base Year
Retrofit
OSaving

o B E BN HHE

Jan Feb March Aprit May June July Aug Sep Oct Nov Dec

Figure B.22: Fan scheduling, economiser and setback control demand simulation result

B-12



APPENDIX B CONFERENCE FACILITIES

E

§ E Base Year
® @ Retrofit

E OSaving

w

Figure B.23: Fan scheduling, economiser, setback and fan control energy simulation result
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Figure B.24: Fan scheduling, economiser, setback and fan contro} simulation resuit
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Figure B.25: Fans scheduling, economiser, setpoint and boiler control energy simulation result
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Figure B.26: Fan scheduling, economiser, setpoint and boiler control peak simulation result
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Figure B.27: Fan scheduling, economiser, setback and boiler energy simulation result
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Figure B.28: Fan scheduling, economiser, setback and boiler control peak simulation result
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Figure B.29: Fan scheduling, economiser, setback, fan and boiler control energy simuiation result
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Figure B.30: Fan scheduling, economiser, setback, fan and boiler controi peak simulation result
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APPENDIX C

THE POTENTIAL FOR DSM ON MINE COOLING SYSTEMS

This appendix presents all the equipment specifications and the verification results of

application 1, chapter 8.
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C.1. EQUIPMENT SPECIFICATIONS

A more detailed look at the pre-cool towers and the surface cooling plant can be seen in

Figure C.1 and Figure C.2. Scheme A is shown in Figure C.2.

Filter Backwash
Water

]

Supply to
Pre-Cool Pumps

From Mine
Water Dams.

Drain ‘5, Drain

Figure C.1: Pre-cooling tower configuration

WA TER FREM
LO0L TOWERS

+'u e ’i

e ¥

Figure C.2: Surface cooling plant
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C.1.1 Dams
Dam Purpose Volume [Open/ |[Controlled
[m*3] |Closed |by
Mine Water JCollect water from mine 3817.7 | Open -
Hot Water |Hot water pumped from Mine water dam 2709 Qpben Level
Pre-Cool Collect water from Pre-cool Towers 318.1 Open Level
Cool Water [Store water after Pre-cool Towers 2709 | Closed Level
Chill 1 Store water after York chillers 2708 | Closed Level
Chill 2 Store water after York or Howden chillers| 2709 | Closed Level
Chill 3 Store water after Howden chiller 2709 | Closed Level
Table C.1: Summary of dam
C.1.2 Pumps

Table C.2 presents a summary of the pumps used in the surface cooling cycle. The various

pump curves are shown in the following pages.

Pump Pump impeller | Fiow {Power Cotrolled
description {Type) diameter (m)| [/s] | [kw] by:

Mine Water KSB ETA 250/50 0.41 300 | 200 |Hot dam level
Fitter pumps - A [Sulzer AZS 200/250 0.25 75 15 1Cool dam Level
Filter pumps - B JAllis-Chaimer 0.3 120 30 |Cool dam Level
York Evaporator {Salweir SDB 200/250 0.32 114 55 {Chill 1 dam Level
York Condensor [Salweir SDBE 10/12 0.36 280 | 132 |Chill 1 dam Level
Howden Evap  {Salweir SDB 350/450 0.415 420 | 16G |Chill 2&3 dam Level
Howden Cond  |Salweir SDB 350/450 0.475 420 | 185 |Chill 2&3 dam Level

Table C.2: Summary of pump specifications
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C.1.3 Cooling Towers

There are basically two sets of cooling towers. F irstly is the pre-cooling tower used to cool
the water from the hot water dam. Secondly, there are the cooling towers on the condenser
sides of the chillers. The two types are almost the same, therefore only one tower, the pre-

cooling tower, will be discussed. Table C.3 shows all the data of the pre-cooling tower.

Performance Data Fan Details

Inlet Water Temp. (°C) 28 Diameter (m) 7.315

Qutlet Water Temp. {(°C) 18.5 RPM 161

Inlet WB Air Temp. (°C) 16 Number of blades 6

Qutlet WB Air Temp. (°C) 23.3 Pitch of blades (°) 16.3

Pressure (kPa) 85 Manufacturer Howden

Losses {%}) 1.63 Type ENF

Water Flow (m”*3/h) 1728

Per Cell {m*3/h) 864 Motor Details

Air flow/cell (m"3/s) 525.8 Power per motor (kW) 132

Static Pressure drop (Pa) 136.8 RPM 1480

Heat Exchanged (MW) 19.06 Absorbed power (kW) 117.4
Manufacturer ZEST/WEG

Construction Details

Number of cells 2

Total Plot area (m"2) 14.85x28.75

Fill Area (m"2) 14.34x14

induced draught

Air opening {m"2) 80

Pitch of fill (m) 0.25

Fill Depth (m) 3.25

Height to bottom of fill (m) 3

Table C.3: Specifications for Pre-cooling Tower
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C.1.4 Chillers

The specifications for the York chillers are shown in Table C.4 and for the Howden in Table
C.5.

Design Details

Voltage (V) 11000} IChilled water inlet Temp. (°C) 14.5
Amps (A) 85.5] |Chilled water outlet Temp. (°C) 4
Bearing Temp. - DE ( °C) 80} |Chilled water Delta T (°C) 10.5
Bearing Temp. - NDE (°C) 60 {Chilled water flow (I/s) 114
Stator Temperature - Phase1 100} |Evaporator duty (kW) 5012
Stator Temperature - Phase? 100] [Condenser water outlet Temp.(°C) 27.5
Stator Temperature - Phase3 100} [Condenser water inlet Temp. (°C) 22
Barometric Pressure (kPa) 84} |Condenser water Delta T (°C) 55
% Vane opening 100} |Condenser water flow {l/s) 270
Oil Level Halftop] |Condenser duty (kW) 6217
Qil Temp. (°C) 60} {Compressor shaft power (kW) 1264
Qii Press. (kPa) 450] |Coeffiesient of performance 3.96
Differantial oil Press. (kPa) 210 {Carnot COP 9.5
Suction Temp. (°C) 2l Cycle efficiency (%) 41.71
Suction Press. - Gauge (kPa) 240{ |Power to cooling Ratio 0.25
Suction Press. - Absolute (kPa) 3245 ILMTD Condenser 473
Corresponding Temp. (°C) 1.62}ILMTD Evaporator - 6.21
Suction Superheat (°C) 0.4
Discharge Temp. (°C) 50.5
Condenser Press.-Gauge (kPa) 670
Condenser Press.-Absolute(kPa) 754
Corresponding Temp. (°C) 30.52
Discharge superheat (°C) 20.5
High Pressure Liguid Temp. {°C) 30
Degrees system Air 0.5

Table C.4: Specifications for York Chillers
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THE POTENTIAL FOR DSM ON MINE COOLING SYSTEMS

Design Details - Normal running

Voltage {V) 110001 {Evap. Ammonia Inlet Temp. (°C) 1
Amps {A) 160] [Evap. Ammonia Outlet Temp. (°C) 10
Bearing Temp. - DE ( °C) 45} Evap. Water Inlet Temp. {°C) 11
Bearing Temp. - NDE (°C) 34| Evap. Water Outlet Temp, (°C) 5
Stator Temperature - Phase1 59]iChilled water Delta T {°C) 55
Stator Temperature - Phase?2 63] [Chilled water flow (I/s) 420
Stator Temperature - Phase3 80} |[Evaporator duty (kW) 8300
Barometric Pressure {kPa) 84}|Cond. Ammonia Inlet Temp. (°C) 40
% Vane opening 100] {Cond.Ammonia Qutlet Temp.(°C) 28
Oil Level Halftop{ |Cond. water outlet Temp.(°C) 30
Oil Temp. in Seperator (°C) 40} {Cond. water iniet Temp. (°C) 21
QOil Temp. in Manifold (°C) 40]iCond. water Delta T (°C) 9
Oil Filter Diff. Press. (kPa) 101 {Cond. water flow (I/s) 350
Differantial oil Press. (kPa) 440FCond. duty (kW) 11340
Suction Temp. (°C) 3] |ICompressor shaft power (kW) 1462
Surge drum Press. (kPa) 417 |Coeffiesient of performance 5.7
Surge drum Level (%) 7jiCarnot COP 13.434
Discharge Temp. (°C) 40-50] |Cycle efficiency (%) 42.3
Discharge Press. {kPa) 1230} |Power to cooling Ratio 0.1761

Table C.5: Specifications for Howden Chiller
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C.2. VERIFICATION OF TEMPERATURES, LEVELS AND FLOWS
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APPENDIX C

Temperature of water exiting Howden
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Temperature of Chill-dam2
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Figure C.9: Temperature of Chill-dam2
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York compressor power
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Total power consumption
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Figure C.18: Total power consumption verification results

C.4. LOAD SHIFTING POTENTIAL FOR RTP
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Figure C.19: The potential load shift of surface plant
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Combined Chill Water dam levels
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INTEGRATED DYNAMIC SIMULATION OF LARGE THERMAL SYSTEMS

APPENDIX D

POTENTIAL FOR DSM ON MINE PUMPING SYSTEMS

This appendix presents all the equipment specifications and base year verification results of

chapter 9.
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APPENDIX D POTENTIAL FOR DSM ON MINE PUMPING SYSTEMS

D.1. EQUIPMENT SPECIFICATIONS

The schematic layout of the Underground Pumping Stations can be seen in Figure D-1. This

shows the pumps’ mass flow capacity and the dams’ storage capacity.
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Figure D.1: Schematic layout of Underground Pumping Stations
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D.1.1 Dams
Level | Depth ] Number Total
Im] |of Dams| Capacity [m?]
Surface 0 2 7000
33 919 3 3000
49 1337 3 3000
70 2000 6 6800
80 2305 5 23000
g5A 2794 3 9000
Table D.1: Specifications of Underground Dams
D.1.2 Pumps
Level jPumps details Quantity | Flow | Power {Controlled
[i/s] [kW] [by:
33 {GRIFO 10-Stage, GHP 53-29 5 230 3000| Dam level
49 [GRIFO 4-Stage, GHP 58-29 5 260 1160] Dam level
70 |GRIFO 8-Stage, GHP 53-29 3 230 2200] Dam level
80 |GRIFO 10-Stage, GHP 53-29 4 210 3000{ Dam level
85A IGRIFQ 5-Stage, GHP 58-29 4 240 1600} Dam level

Table I3.2: Specifications of Underground Pumps
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D.2. BASE YEAR VERIFICATION
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Figure D.2: Graph showing the base year verification results of the predicted flow rate from the underground

workings to the surface mine water dams for an average typical day of system operation.
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Figure D.4: Graph showing the base year verification of the predicted dam water level of 49level against the

actual measured dam level for an average typical day of system operation.
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Figure D.5: Graph showing the base year verification of the predicted dam water level of 80level SV?2 against
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Simulated and Measured Dam Level of 80tevel SV3 for an Average Day of System Operation
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Figure D.6: Graph showing the base year verification of the dam water level of 80level SV3 against the actual

measured dam level for an average typical day of system operation.
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Figure D.7: Graph showing the base year verification of the predicted dam water level of 95, level against the

actual measured dam level for an average typical day of systemn operation.
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INTEGRATED DYNAMIC SIMULATION OF LARGE THERMAL SYSTEMS

APPENDIX E

ESCO PROTOCOL EVALUATION

In this appendix two ESCO protocols were evaluated. The one protocol is based on the
building and HVAC system energy simulation software VisualDOE and the other one on
QUICKcontrol.
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TEMM International
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E.1l. INTRODUCTION

In this short report two ESCO (Energy Service Company) protocols were evaluated. The one
protocol is based on the building and HVAC system energy simulation software VisualDOE,
and the other one on QUICK control.

The evaluation was conducted during a period of one week and was based on the
requirements of the two evaluators. In this investigation a point out of five was given by the
two evaluators for each step of a typical ESCO study. Five means that the tool satisfies the
required specification of the evaluators completely. The evaluators’ requirements were based

on the following criteria from most important to least important:

¢ Time to perform each step

Level of knowledge and needed information to perform each step

Shortcomings to perform each step

Accuracy of assumptions made during each step

E.2. SUMMARY OF RESULTS

Total points from evaluation questionnaire out of 125;

VisualDOE: 83/125 (66%)

QUICKcontrol: 107/125  (86%)

VisualDOE shortcomings:

e Itis time consuming to construct the building model.

¢ It is only possible to configure pre-constructed typical HVAC system types.
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It is only possible to implement the control options available in the program.
It is time consuming to create a new weather file via DOE in the USA.
It is almost impossible to verify the simulation model without the correct climate data.

The program does not include a report writer to complete the final report in a short period

of time.

Software support is only available in the USA or via email.

No new software extensions can be made or initiated by the user.

Error messages can appear regularly due to the quantity of information processed.
The model size is limited in terms of the zones per block that can be created.

If the programme is not used on a regular basis it requires some time to orientate oneself

within the package,

Typical equipment used in South Africa must be created.

QUICKcontrol shortcomings:

The system must be configured on a component basis. There are no typical system types

to select from.

Detailed control parameters are needed for input. There are no typical control strategies

to select {from, only typical controllers (P1D and Step controllers).

Typical system components (fuel boiler, air/air heat exchangers) still need to be

implemented into the software.

The simulation currently runs in excess of 20 minutes for a year simulation. The software

is currently being revised which will also reduce the time required for simulations.

The programme relies on the inputs given by the operator in terms of correctness.




APPENDIX E ESCO PROTOCOL EVALUATION

E.3. EVALUATION QUESTIONNAIRE

il_Sl u‘iatmn engme TR

VlsuaiDOE Use the transfer funetion method to calculate houriy 2
heating and cooling loads. From there it is a hand—down method from
component to component to calculate the energy consumption of the
system. The influence of the system control parameters can therefore
not be seen in the indoor conditions. The dynamic response of the
system cannot be simulated and real life control simulation is not

possible.

QUICKcontrol: Is a fully integrated building, system and control 5
simulation program. The response of the system and building can be
simulated on a minute basis to predict the effect control has on the |
indoor comfort. Any change in a component effect therefore the entire
integrated system and building network. This makes real life control
simulation possible.

‘1251mu1ahon%tnme e _ o B _ :
VisualDOE A 19-zone year s1mulat10n takes about 2 mmutes on a”. 5
Pentium II 233 MHz PC.

QUICKcontrol: A 10-zone year simulation takes about 9 minutes on a 2
Pentium II 233 MHz PC.

VlsualDOE Support 18 only avallable from the USA via email and one 2

local SA user.

QUICKcontrol: Support is locally available via telephone, email and 5

personal contact.

14 Fnture extensnons '; .

VlsualDOE The program cannot be extended to satlsfy new 1

requirements of the user.

QUICKcontrol: The program can be extended to satisfy any new 4
requirements of the user. The program can also be extended to make
provision for new areas, like mine ventilation and cooling energy |

simulation.
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VisualDOE: Detail building structure data is needed for input, which 2

involves detail building drawings. Typical structure data for South
Africa is not available in the library and material properties and

structure thicknesses must be obtained.

QUICKcontrol: All needed input data can be gathered on site. No 5
drawings are needed. A complete structure database is available for
typical South African constructions. Sheets are available to gather all
the relevant information.

2.2 Obtam bulldmg dlmenswns

.VISualDOE The d1men510ns of each surface (1nc1ud1ng glazmg) must I 2 |
be obtained from building drawings or measured in the building. The
model will therefore reflect accurate building detail.

QUICKcontrol: Only the internal floor area, north wall length, wall 5

height and % glazing of each zone is needed for input. All this
information can be gathered by walking through the building. Sheets are

available to gather all the relevant information.

2. 3 ﬁbtain or measure zone air ﬂows

V:sualDOE Zone air 1s spec1ﬁed in terms of the supply air optlons T 4
Let programme size

Total flow

Flow/area

Air changes/hour

This is again linked with options, which specify the outside air.
Thermostat types together with a throttling range are specified for
coutfol purposes. Typical min & max zone temps are displayed with

max supply air and outside air quantities.

QUICKcontrol: Supply and fresh airflow rates must be obtained or 3
measured for each zone. Sheets are available to gather all the relevant

information.

2.4'Obtain ventilation schedules S
VisualDOE: Yearly ventilation schedules must be obtained for each
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zone.

QUICKcontrol: Yearly ventilation schedules must be obtained for each

zone. Sheets are available to gather all the relevant information.

2.5 Obtain lighting and other internalloads =~

VisualDOE: Lighting and internal heat generation fixtures and
schedules must be obtained through a walk through audit. Custom data

sheet used.

QUICKcontroi: Lighting and internal heat generation fixtures and
schedules must be obtained through a walk through audit, Sheets are

available to gather all the relevant information.

| 2:6 Obtain occupancy

VisualDOE: Occupancy numbers and schedules must be obtained

through a walk through audit. Custom data sheet used.

QUICKcontrol: Occupancy numbers and schedules must be obtained
through a walk through audit. Sheets are available to gather all the

relevant information.

3 HV AC---SYSTEM INPUT DATA

“VisuaiDOE: Component p'erfbrmlénlce. d"ata, flow r'ate's, prés.sﬁré.s. and
the configuration of system must be obtained. Sheets are available to

gather all the relevant information.

QUICK control: Component performance data, flow rates, pressures, the
configuration of system and the control parameters must be obtained.

Sheets are available to gather all the relevant information.

3. 2 Water distribution system

VlsualDOE Component performance data ﬂow rates pressures and the
configuration of system must be obtained. Sheets are available to

gather all the relevant information.

QUICKcontroi: Component performance data, flow rates, pressures, the
configuration of system and the control parameters must be obtained.

Sheets are available to gather all the relevant information.

4. VERIFICATION MEASUREMENTS
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VisualDOE: A number of conditions and the consumption of 3
component power must be monitored to identify problem areas and to

calibrate the simulation model.

QUICK control: A number of conditions and the consumption of 5
component power must be monitored to identify problem areas and to
calibrate the simulation model. Sheets are available to ensure the
correct measurements are taken and for automatic data processing.

5. VERIFICATION SIMULATIGNS

_5 1 Structure ;nput

VlsualDOE Each surface’s dlmensmns and construction w1th 1ts 3
properties must be read into the program in detail. No South Africa pre-

constructed library is available.

QUICKcontrol: Only the internal floor area, north wall length and the 5
wall height need to be read into the program. South African pre-
constructed structure database is available for selection. This input can

be completed on site while doing the walk through audit.

52 Occupancy input

VisualDOE: Occupancy numbers and scheduling must be read mto the 3

program for each zone type.

QUICKcontrol: Occupancy numbers and scheduling must be read into ¢ 3

the program for each day type. This input can be completed on site

while doing the walk through audit.

VisualDOE: The equipment power density (w/m?) of fixtures and the
lighting power density of lights (w/m?) and other equipment must be

read into the program for each zone type.

QUICKcontrol: The wattage fixtures and number of thts and other 4
equipment must be read into the program for each day type. This input

can be completed on site while doing the walk through audit.

54 Weather mput

VlsualDOE Weather data can be collected form the weather statlon or 2
measured on site for the verification day. All new weather data

including typical year data must first be sent to DOE to be transformed
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into BIN data. This was done by Eskom.

QUICKcontrol: Weather data can be collected form the weather station 5
or measured on site for the verification day. All new weather data
including typical year data can directly be entered into the program’s
climate database. Typical year data is already available for all the

climate regions of South Africa.

55 System mput

VisualDOE: Only typlcal HVAC system conﬁguratlons and control“ T3
options are available for selection. The user must have the necessary
knowledge of system types to select the closest one to the real one. The

components of the systems need not to be configured or linked.

QUICKcontrol:  Any existing system type or new type can be 5
constructed. The system can be built exactly the same in the model as
in real life. Any control logic can be modelled. Each component of the

system, including the control, must be configured and linked correctly.

5 6ﬂalibrate mmulatmn model and compare to measurements

VlsualDOE Only average hourly verification and calibration on the. 3
main component types is possible. It is difficult to obtain the correct
weather data for the verification period. Without the correct weather

data it is impossible to verify.

QUICKccontrol:  Real life minute verification and calibration on 4
component basis is possible. This implies that each component can be
calibrated to ensure that the existing system and building is modelled
correctly. The correct dynamics of the system can therefore be

incorporated into the simulations. A logic and simple method is

available to perform the calibration.
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6. RETROFIT SIMULATIONS

V1sualD0E Hourly year simulations can .be.eieéuted which iﬁc!ﬁdé 3
weekday, Saturday, Sunday and public holiday schedules. Peak demand

and energy consumption are therefore based on average hourly values.

QUICKcontrol: Minute year simulations can be executed which 4
include weekday, Saturday and Sunday schedules. Peak demand and
energy consumption are therefore based on integrated hourly values as

used in South Africa.

§'62Retroﬁt simulations: Structure changes R

V1sualDOE Structural changes (xnsulatlon shadmg dev1ces) can be“ 4

implemented into the simulation model with ease.

QUICKcontrol: Structural changes (insulation, shading devices) can be 4

implemented into the simulation model with case.

6.3 Retrofit simulations: Equipment scheduling

VisualDOE: The dynamic effect of equipment scheduling can onl..y. be | 3 |
investigated on an hourly basis. It is therefore difficult to ensure indoor

comfort for optimal scheduling.

QUICKcontrol: The dynamic effect of equipment scheduling can be 5
investigated on a minute basis. It is therefore possible to ensure indoor
comfort for optimal scheduling.

-6;

VisualDOE The user has the optlon to select from a menu typlcal. 3

Retmi‘ f"' :"mulatmns. New contro‘i strat‘”' i

energy efficient control strategies. However the user is not always sure
of the strategy implemented by the software. The user cannot
implement new customised inventions. The effect of new control

setpoints is displayed in terms of min & max temps.

QUICKcontrol: Energy efficient control must be implemented with the 4
typical controllers available in the software. This implies that any new
control inventions can be implemented into the software and the user
will be sure of the logic involved. The effect new control has on indoor

comfort can be predicted by the software.
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6. 5 Retrofit snmulatmns. New tarlff stracture _

VlsuaiDOE The effect of new tanff structures can be 1nvest1gated | 4

QUICKcontrol: The effect of new tariff structures can be investigated. 2
Relative easy to create new structures. Certain assumptions need to be

made in terms of kV Ar charges.

6.6 Retrofit snmulatlons Plant ﬂpgrades

VisualDOE: Plant changes can be 1mplemented by 1n1t1at1ng standard ) .5' o

futures. 1.e. variable speed, inlet vanes, discharge dampers.

QUICKcontrol: Plant changes must physically be constructed which 2

might be time consuming.

6.7 Retrofit simulations; Combination of options

Visual DOE: This can easily be achleved after the verification stage of | 4
the process.
QUICKCcontrol: It requires the construction of a new layout. From a 3

time point of view it will take longer to construct. Standard models can
however be generated on request.
7 REPORT WRITING n B
VlsualDOE The package does not mclude any type of report wnter

The user must therefore build his own report templates in MS Word.

This can take up to a week to complete the report.

QUICKcontrol: This protocol provides a report writer, which is based 4
on a master and standard template database structure, The master
database can be updated after each project and pulled into the template
database of each new project. Simulation results can be linked to the
database in graph or table format for import. The report writer

automatically generates the report in MS Word. It will only take 2 days

to finalise the report.
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NOTES TG THE READER:

The writers’ opinions within this ESCO protocol evaluation are in no way a final judgement

on any of the two packages. Both packages offer unique features, which makes the

application thereof acceptable.

The opinions offered in this document do not necessarily reflect the opinion of Eskom, and

therefore Eskom does not accept responsibility for the comments by the authors.
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