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South Afirican Electrical Energy 

� Presently Installed 42 000 MW of 
which 89% is from Thermal Coal fired 
generators

� In construction 8 400 MW of Coal fired 
generators to come on stream 2013 -
2016.  Also a number of smaller 
installations.

� Expected that demand will exceed 
supply in 2012-13
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FOPREH DATABASE

Food Processing Enquiry Handling System

� A database giving methods of production for 
a number of agri products under local 
conditions

� Including theoretical energy calculations for
� 218 Food Products  on

� 309 Spreadsheets 

� berries, cereal crops, citrus fruit, dairy, 
deciduous fruit, field crops, meat, root crops 
and subtropical fruit.
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FOPREH DATABASE

� The theoretical product yield
� The approximate total energy 
requirement in kJ kg-1

� The energy requirement, either 
electrical or thermal, of each stage of 
the process.

Energy inputs taken at the factory gate, 
not primary energy.
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Assumptions

PRODUCT:  Set Yoghurt (1) (Full Fat )
QUALIFIER:   Medium  Dairy  ( 20 000 l milk/day)
ASSUMPTIONS:
1.    Milk is received cool  (7 deg)
2.    Clarification by filter/strainer 
3.    Cream is batch pasteurised and packed
4.    Negligible Product losses
5.    Composition.   Fat 3.5%  SNF content 11.6% 

(addition of APPROX 3% Powder)  Fruit  etc 0
ENERGY INPUTS IN kJ/kg  YOGHURT PRODUCED 

(UNFLAVOURED)
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Mass Balance
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METHODS 1

� Heating and Cooling - standard heat balance 
equations.

� Energy for pumps - flow and pressure drop 
calculations and efficiency factor.

� Centrifuge and homogenisers - estimated from 
commercial data.

� Evaporators and dryers- separate energy balance 
sheets and commercial data

� Heat loads for processing rooms - published data
� Refrigeration energy requirements - theoretical COP 

values together with a factor for fans and pumps
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Evaporator
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Dryer
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METHODS 2

� Mixers, bowl cutters, and filling machines etc - an 
estimate based on the kW rating of commercially 
available plant and an estimated service factor.

� Cooling water - 14°C temperature rise and cooling 
tower requirements from commercial data.

� Boiler pumps and boiler sizing - taken from local 
commercial data. Boiler would be coal fired.

� Long term cold storage and freezer storage - taking 
the requirements, the COP and a factor to cover fans 
and pumps together with expected daily temperature 
rise.

� Lighting installed - estimated according to the size of 
the plant
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Energy Balance
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PRE-HEATING

PRE-COOLING

CLARIFICATION

HOLDING

INNOCULTION

FILLING

INCUBATION

COOLING

COOL
STORAGE

Energy per kg of final product (kJ)
Electrical
Other
Total
Energy per kg of feed (kJ)
Electrical 
Other
Total
Installed Power (kW)

ENERGY DIAGRAM
PRODUCT:  Set Yoghurt (1) (Full Fat) 
QUALIFIER:   Medium  Dairy  ( 20 000 l milk/day)
ASSUMPTIONS:
1.    Milk is received cool  (7 deg)
2.    Clarification by filter/strainer 
3.    Cream is batch pasteurised and packed
4.    Negligible Product losses
5.    Composition.   Fat 3.5% , SNF content 

11.6% (addition of approx 3% Powder),  Fruit  etc 0
ENERGY INPUTS IN % OF TOTAL REQUIREMENTS

Main Product

By Product

Electricity

Heat from 
combustion

COLDSTORE
ICEBANK

SERVICES
LIGHTING

START-UP/CLEANING

kg raw milk

kg yoghurt

PASTEURISATION

COOLING

PACKING

COLDSTORAGE

PROPOGATION

SEPARATION

HOMOGENISATION

PASTEURISATION
COOLING

FORTIFICATION

icebank

pumps

kg std milk

kg powder

flavour

Filler and conveyer

icebank

store

(fruit)

Mixers and pumps

mixer

pumps

icebank

store

starter

0.994

0.03

0.17

1.32

150.89
292.17
218.65
218.65

290.29
217.24
73.05

7.36
9.42
0.43
0.98
1.96

14.97

1.000

0.24

0.61

58.58
0.028

kg yoghurt

kg cream

1.78
0.07

0.24

0.34

1.00

1.28

0.22

AM Rev 24 Feb 2004
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FOPREH – selected results

521648034133000 kg/hr guavasGuava puree concentrate

3162252164150 kg/hr tomatoTomato chutney

100530070510000 kg/hr by product of juiceOrange pulp frozen

19551741214300 kg wheat flour per batch
Wheat pasta fresh 

noodles

8386901481000 kg/hr feed. Hot breakBlueberry juice 

12671029238400 kg/hr asparagus
Asparagus spears 

canned

544449435008000 kg/hr grapesGrape juice concentrate

9786812975000 kg/hr grapes, Hot fill into bottlesGrape juice cold pressed

22441508736
30000 l/day raw milk.   Canned 

product
Milk evaporated

668106681500 l batchCheese Gouda (2)

2540161892110000 l /day milkCheese Gouda (1)

134759265421020000 l/d milkMilk powder spray dried

151201512300 kg/day productMeat (cooked sausage)

TotalThermalElectrical

SEC in kJkg -1Scale of Operation
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Dairy Industry

0.8 -1.2
kWh/kg ice

cream

0.4
kWh/kg

ice cream

Ice Cream

0.3 -0.40.18 - 6.470.3 - 0.45Milk Powder, Cheese 
and Liquid 
Products

0.2 -0.30.06 -0.820.07 - 0.26 Cheese and Whey

0.120.1 - 0.20.07 - 0.450.05 - 0.22Milk and Cultured 
Milk

CIPEC
Benchmark
(kWh/L raw 

milk)

IFC
Benchmark

IFC recorded
data (kWh/L

raw milk)

FOPREH
Data

(kWh/L
raw milk)
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Comparative Dairy Results

13.4 - 344.6 - 221.4Powder

2.2 - 2.71.8 -10.8Concentrated Milk 

1.1 - 9.11.8 - 64.7Cheese

2.50 - 3.501.00 - 4.20Butter

0.18 - 0.780.22 - 12.6Fluid Milk (including yoghurt)

Comparative data
FOPREH database 
MJ/kg product

Range of energy 
usage (Data adapted

from Flapper [ 5]
MJ/kg product

Category
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Conclusion

� The research provides data that has not 
been published elsewhere and which 
might be used for benchmarking

� Where comparative data is available 
particularly in dairy processing sector 
the data seems to give reasonable 
results

� The results provide a focus for 
optimizing specific stages in a process
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