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Content of Cold Wort
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Wort strength is expressed as

% Extract by mass

• %Plato = %P = g Extract/100 g wort (2 decimals)

• Real extract, ER%

• Original extract in wort, OE %P

Specific gravity

• Measured by saccharometer (or refractometer)

• Expressed in g/ml or kg/l

• Measured at 20°C
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The Goldiner, Klemann, Kämpf Table, Sugar table
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The Goldiner, Klemann, Kämpf Table
Grafic representation – Not a linear relation!
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Approximation formula

The quick and dirty formula:

  SG = 1.0000 + 0.004 * %P

only for 1 decimal or less than 15 %P

More accurate polynomial formulas exist – EBC.
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The approximation
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EBC polynomium
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Extract and specific gravity
Overall
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Malt Cold wort Final beer

Extract in g/100 g

(mass or weight %)

% extract (as is)

% extract (DM)

Original extract

OE, %P

Apparent extract, EA 

%P

Real extract, ER %P

Specific gravity SG20/20 

(20°C)

N/A Original gravity

OG, kg/l

Final gravity

FG, kg/l



Question 1

We are brewing a Pale Ale with an original gravity OG = 1.045.

a. What is the Original Extract OE in %P?

 

The resulting beer has a final gravity (FG) of SG = 1.010.

b. What is the final extract in %P?
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The Extract Balance

Mass balances are widely used in all sorts of food and chemical industries.

In brewing we use a special form of the mass balance:

The extract balance:

In-going extract = Out-going extract

The extract content (kg) in wort at 20 °C is calculated as:

kg Extract = hl wort * OG of wort * OE of wort
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Question 2
continued from question 1
The brewsize is 48 hl cold wort.

Calculate kg of extract in the brew.
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Thermal contraction of wort

1 hl hot wort = 0.96 hl cold wort

Please note:

Any measurement of a hot volume is uncertain!

12-08-2025Department of Food Science 13



Question 3
continued from questions 1 – 2

What is the volume of hot wort just before cooling?
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Y2 = 

Y1 = 

Overall Brewhouse Yield (OBY)

% of extract in raw materials which is recovered in the wort

Cold brewhouse yield is preferred to hot brewhouse yield 

      kg extract in wort        

     kg extract in raw materials

Be aware that in Germany also yield based on total 

material is used:

kg extract in wort

kg mass of raw materials
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Question 4
continued from question 1 – 3

For the brew we use 800 kg malt with an extract content of 72.7%.

Calculate the two brewhouse yields Y1 and Y2.
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Calculation of amount of malt for a brew

M = OE(%P) * SG * Vol * 0.96 / Y2

where

M          = amount of malt (kg)

OE (%P) = original extract in wort (%P)

SG         = specific gravity of wort

Vol = brewsize (hl) of hot wort

Y2 = yield based on total material
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Question 5 – if time allows

Suppose we are adjusting the recipe to make 45 hl cold wort of 12 %P wort. 
The brewhouse yield Y2 is 74 %.

How many kg of malt should then be used?
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Calculation of mash thickness

Mash thickness = 

liter mashing-in water / kg brewing materials

Mash thickness is adjusted in relation to the desired first wort strength (% 
Plato)

Also called water-to-grist ratio
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Question 6
continued from question 4

At mashing-in we want the mash thickness to be 3.0 litres of water per kg 
malt.

How many litres of water should we use for mashing in?
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OEb = OEa

Extract before boiling

To calculate the extract in the wort kettle before boiling:

Va

Vb

where

OEb = extract in wort before boiling

OEa = extract in wort after boiling

Vb = volume of wort before boiling

Va = volume of wort after boiling
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Question 7

During wort boiling the volume is reduced from 52.08 hl to 50 hl. After 
boiling the extract was measured to 11.19 %P.

a. What was the extract in %P before boiling?

 

b. How many % is evaporated during boiling?
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Extract and specific gravity
Brewhouse
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First wort Hot wort before 

boling

Hot wort after 

boiling

Cold wort

Extract in g/100 g

(mass or weight %)

First wort extract

%P

Extract in hot 

wort, %P

Extract in hot 

wort, %P

Original extract

OE, %P

Specific gravity 

SG20/20

First wort gravity

kg/l

Gravity of hot 

wort, kg/l

Gravity of hot 

wort, kg/l

Original gravity

OG, kg/l



Extract and specific gravity
Beer processing
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Cold wort Fermentation Final beer

Extract in g/100 g

(mass or weight %)

Original extract

OE, %P

Apparent extract, EA 

%P

Real extract, ER %P

Apparent extract, EA 

%P

Real extract, ER %P

Specific gravity SG20/20 

(20°C)

Original gravity

OG, kg/l

Specific gravity

SG, kg/l

Final gravity

FG, kg/l



Estimation of colour
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EBC Description

0-5 Very pale

6+ Pale yellow

8+ Golden

12+ Amber

18+ Deep Amber / light copper

28+ Copper / reddish brown

34+ Deep copper / light brown

36+ Brown

44+ Dark brown

60+ Very dark brown

70+ Black



Colours in different beer types
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Beer style Colour (EBC) Visual description

Int. Style Lager 5 - 8 Pale straw yellow

Belgian Witbeer 4 - 8 Pale and opaque

Danish Classic 12 Dark straw yellow

English Pale Ale 10 - 30 Light Amber

German Vienna 24 - 32 Amber / copper

Munich/Dunkel 30 - 40 Copper

English Brown Ale 30 - 50 Brown

English Porter 50 - 80 Brown / Black

Baltic Porter 100 Black



Total Colour Contribution TCC

Not concise – depends on:

• Hopping rate

• Boling method and time

Example of TCC calculation:

100 kg Pilsner malt colour 5: 500 TCC

20 kg caramel malt colour 20: 400 TCC

120 kg total malt: 900 TCC

Calculated colour: 900 TCC / 120 kg = 7.5 EBC

i.e. pale yellow to golden
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Question 8 – if time allows

The recipe for Pale Ale includes the following malts:

• Pilsner malt: colour 4 620 kg

• Munich malt: colour 16   80 kg

• Crystal malt: colour 75 100 kg

Estimate the colour of the beer.
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Kg hops per brew =

Calculation of hops dosing - simplified

Wanted BU * brewsize in hl

% Utilisation * % α-acid in hops

Brewsize = brewlength to be hl cold wort

Bitterness units are measured in mg/l

% Utilisation is plant specific and usually around 30%

“Glenn’s Hop utilisation number”  is a more precise tool available to get more 
precise utilization degree based  also upon % P of wort and boiling time
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Question 9

Pale Ale should have a bitterness of 36 IBU. The brewsize is still 48 hl. The 
alfa-acid content in the hops is 10.5 % and utilisation is reckoned to be 30%.

Calculate the amount of hops to be added in kg.
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Calculations in brewhouse
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milling, mash-in mashing lautering boiling whirlpool 

recipe thickness first wort %P volumes volume

kg malt volume yield first wort extract hop dosing

colour TCC temperature load kg malt/m2 evaporation

water hot water addition kg spent grains hop dosing

decoction litres spent grains

pH



Calculations in beer processing
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wort cooling aeration,  

pitching

fermentation filtration bright beer

volume aeration rate RDF blending alcohol % w + vol

brewhouse yield pitching rate ADF extract

temperature of 

max density

final gravity

freezing point Tabarier, Balling, Craft

Energy, BOD



A%vol =

The Craft Formula

For craft brewers (measurement of gravity only):

                 OE%P - EA%

        2.048 - 0.0126 * OE%P

Note:

Not valid, if water or sugar has been added during or after the fermentation.
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Back-up slides

Units for beer volume
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Definitions

Mass = weight of material in kg or ton

As is (m) = total weight of material incl. water

Dry matter (d.m.) = weight of material remaining after drying for 2 hours at 
120°C (EBC Method)

Moisture (m) = As is – Dry matter

% = percentage by weight

Extract = soluble part of malt (EBC Analytical methods)

% Extract, as is = kg Extract in 100 kg material incl. moisture

% Extract, d.m. = kg Extract in 100 kg material excl. moisture

% Moisture = kg water in 100 kg material incl. moisture
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Abbreviations
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Abbreviation Beer Wort Unit

Hl Beer volume Cold wort volume 100 litre

OE%P Extract in Original Wort Wort Extract % Plato, g/100 g

ER% Reel Extract Wort Extract % Plato, g/100 g

EA% Apparent Extract Wort Extract % Plato, g/100 g

RDF% Real Degree of Fermentation 0 %, g/100 g

ADF% Apparent Degree of Fermentation 0 %, g/100 g

A%mas Alcohol content by mass 0 %, g/100 g

A%vol Alcohol content by volume 0 %, ml/100 ml

SGA Specific Gravity of distillate 1

SGE Specific Gravity of Reminiscence SG of wort

SGBeer Specific Gravity of Beer SG of wort

TMXD° Temperature of Max. Density °C

FRZP° Freezing Point of Beer °C

CALV Calorific Value of Beer kcal/100 ml

Energy Nutritive Value of Beer kJ/100 ml

BOD5 Biological Oxygen Demand g/l

kgOE Kg of Original Extract Wort Extract kg



Units for beer volume – metric (SI)

12-08-2025Department of Food Science 37

Unit Amount in litres

1 cubic metre 1000 litres

1 hektolitre 100 litres

1 dekalitre 10 litres

1 decilitre 0.1 litres

1 centilitre 0.01 litres

1 millilitre 0.001 litres



Units for beer volume – British
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Unit Amount in British units Amount in litres

1 butt 108 gallons 490.96 litres

1 hogshead 54 gallons 245.48 litres

1 beer barrel 36 gallons 163.65 litres

1 kilderkin 18 gallons 81.825 litres

1 firkin 9 gallons 40.914 litres

1 beer gallon 4 quarts 4.546 litres

1 quart 2 pints 1.1365 litres

1 pint 20 fl. oz. 0.5682 litres

1 fluid oz. 0.028412 litres



Units for beer volume – US
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Unit Amount in US units Amount in litres

1 beer barrel 31 gallons 117.34 litres

1 standard barrel
   (not for beer)

31.5 gallons 119.24 litres

1 beer gallon 4 quarts 3.7853 litres

1 quart 2 pints 0.9463 litres

1 pint 16 fl. oz. 0.4732 litres

1 fluid oz. 0.02957 litres



Additional calculations
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Volume of mash and spent grains
Emperic figures

1 kg of ground malt takes up 0.8 liter space in the mash.

Total mash volume will then be:

 

Volume of mashing in water + 0.8 l/kg * kg malt

1 kg malt produces 1.2 kg spent grains, which takes

up 1.8 liter space as spent grains (if 80% water) in the 

lauter tun
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Question 10
continued from question 6
a. Calculate the volume of the mash in the mash kettle

b. Calculate kg and litres of spent grains in the lauter tun
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A%vol =

The Craft Formula
for calculation of alcohol content

For craft brewers (measurement of gravity only):

    OE%P - EA%

   2.048 - 0.0126 * OE%P

No water or sugar has been added during or after the fermentation!
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Question 11
continued from question 1
You need to declare the alcohol by volume on the label. From Q1 we have OG = 1.045 and 
FG = 1.010

Calculate ABV %vol
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