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Environmental Engineering

Hot Water Preparation

Roman Vavřička (room no. 817)
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Heating Load and Hot Water Preparation

Example: Family house – 4 persons

HEATING – Total heating load – 8 500 W (in 1995)

HEAT DEMAND – EN ISO 13 790 – 18 900 kWh/a

HOT WATER – 40 l/person∙day, z = 20 % (heat loss)

HEAT DEMAND – 4 200 kWh/a

Total heat demand for 

heating and hot water 

preparation

In 1995 – 23 100 kWh

In 2005 – 14 300 kWh

In 2015 – 7 300 kWh

Hot water Heating
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Hot Water Preparation

Hot water is safe water in the quality of water 

intended for human needs.

! Hot water is not intended for drinking and cooking !

Hot water is intended for washing, bathing and laundering.
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Methods of Hot Water Preparation – Local Heating

Each consumption point is equipped with its own heater.
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Methods of Hot Water Preparation – Local Heating

One heat source supplies several consumption points.
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Methods of Hot Water Preparation – Local Heating

Supply of all consumption points in the building from one 

central heating.
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Methods of Hot Water Preparation – Heaters Types

Indirect heating

We need:

➢ external heat source

➢ heat exchanger in

storage tank of hot

water

➢ external water pump
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Methods of Hot Water Preparation – Heaters Types

Direct heating

We need:

➢ fuel supply (natural

gas, fuel oil, ...)

➢ flue (chimney)

➢ burner
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Design Input Data for Hot Water System

1. Heat demand for hot water preparation [m3/unit·period]

2. Hot water consumption method [VHW = f (τ) – hot water

consumption profile]

3. Heat source [temperature level, operation]

4. Hot water tank charging method [regulation, consumption

points]
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1. Heat Demand for Hot Water Preparation
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QHW heat demand for hot water preparation[kWh/day],

QHWt heat fot water heating [kWh/day],

QHWz heat lost during Heating and distribution [kWh/day],

z relative heat loss [-],

VHW total hot water demand [m3/day],

ρ water density [kg/m3],

c specific heat capacity of water [J/(kg·K)],

t1 cold water temperature[°C],

t2 hot water temperature[°C].
Type of Building

VHW

[m3/unit∙day]
Unit

Family house 0,04 až 0,05 Person

Apartment house 0,04 Person

Accommodation (hotel, pension, 

student dormitories…)
0,028 Bed

Restaurant 0,01 až 0,02 Food

Office building 0,01 až 0,015 Person

Sports facilites 0,1 Installed shower

Industrial plant 0,03 Shower bath
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2. Hot Water Consumption Profile

Average daily course of hot water consumption in apartment building
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Cumulative daily course of hot water consumption in apartment building

2. Hot Water Consumption Profile
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2. Hot Water Consumption Profile

Methodology for the Assessment of the 

Hot Water Comfort of Factory Made 

Systems and Custom Built Systems 

(University of Stuttgart)

EN 13 203-2,
Eco-design

Consuption Profile
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2. Hot Water Consumption Profile

Office building

Eco-desing
Measurement
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2. Hot Water Consumption Profile

Family house

Measurement - average
Measurement – only morning
Measurement – only evening
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2. Hot Water Consumption Profile

Apartments house

Family house
Apartments house
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2. Hot Water Consumption Profile

Consuption
Supply
Heat loss
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2. Hot Water Consumption Profile

Consuption
Supply
Heat loss
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2. Hot Water Consumption Profile
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!!! c – specific heat capacity of water !!!

!!! c = 4187 J/kg∙K (VYT)

vs.

c* = 1,163 kWh/m3∙K (TV) !!!

Volume hot water tank – OzHW,tank [m3]

Heat output of hot water heater – PHW [W]
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2. Hot Water Consumption Profile

NOT GOOD !!!

BETTER !!!
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3. Heat Source – heat pump

NOT GOOD !!!

BAD SOLUTION:

1. Switching the heat pump every 8 to 17 minutes!

2. Inability of heat pump to produce hot water!

3. The course of the need for hot water, eg for 1 shower!
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3. Heat Source – heat pump

SOLUTION:

1.Hot water preparation at a time when higher 

values can be expected.

2. Heat regulation with connection to the current 

heat demand for HVAC.

3.Knowledge of dynamic behavior of heating 

surfaces.

OHW, tank – 150 to 250 l 

(for family house)
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3. Heat Source – gas boiler

Shower – hot water consumption:

Hot water flow (tTV = 55 °C) 

EN 806-3: 0,2 l/s (12 l/min).

Mixing water temperature for showering ≈ 38 až 43 °C.

MEASUREMENT – REAL STATUS – APARTMENT BUILDING:

Avarage shower time 5 až 6 minutes.

VMIX = 40 to 45 l/bath = 7,5 to 9 l/min.

Q1 = 1,3 to 1,84 kWh/bath.
TMIX = 40 °C and VMIX = 8 l/min

TTV = 55 °C => VTV = 5,33 l/min

TSV = 10 °C => VTV = 2,67 l/min
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3. Heat Source – gas boiler

Preferential preparation of hot water in common heat source

What hot water tank?

Example – Family house – number of consumption points:

3 wasbasins – consumption is too short – not important

1 bath – OK => maximum 6 [l/min] 

1 shower – OK => maximum 6 [l/min] 

VHW, real = 12 [l/min] = 720 [l/h] => MAXIMUM (PERMANENT) !!! 

Water temperature MIX ≈ 38 to 43 °C

Hot water tank 65 l (H65W)

18 kW => 438 l/h (tHW = 45 °C) 

Hot water tank 120 l (S 120/5)

34 kW => 834 l/h (tHW = 45 °C) 
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3. Heat Source – gas boiler

34 kW => 834 l/h (tHW = 45 °C) 

Heat exchanger surface !!!

Preferential preparation of hot water in common heat source

What hot water tank?
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4. Hot water tank charging method

1. Sensor position tHW?

➢ Switching on difference

(5 až 10 K)

➢ Sensor position height

(ideally 60 to 70 % of tank height)

2. Supply of heat energy

between heating and hot

water preparation?

3. System time delay?
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Heat recovery from wastewater

Kitchen, 
dishwasher; 

12%
8 litres/EO.day

Household cleaning; 
8%

5 litres/EO.day

Wash-basins; 
18%

12 litres/EO.day

Showers and 
baths;

62%
40 litres/EO.day

Bathrooms; 
80%

52 litrů/EO.day

Source of grey water in households according to the survey 
results in individual countries according to DIN 4045 (2003)
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Heat recovery from wastewater

Grey water from sanitary facilities suitable for

heat recovery

1 – shower,

2 – wash-basin,

3 – washing machine

Sewage water from sanitary facilities not

suitable for heat recovery

4 – WC
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Heat recovery from wastewater

Central heat recovery
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Heat recovery from wastewater

Model Zypho Sakal -NELA IVAR.BEE 600

Design

Country of origin Portugal Czech Republic Italy

Size [mm] 90x650x130 87x522x144 81x740x280

Approx. savings [%] 25% 30% 30%
Approx. price [CZK] 10 000 CZK 6 800 CZK 16 900 CZK

Model Eco Drain Dutch Solar Systems - Shower drain Joulia-inline drain

Design

Country of origin Kanada Nizozemsko Švýcarsko

Size [mm] 120x170x1400 126x900x132 150x800x100

Approx. savings [%] 25% 48% 48%
Approx. price [Kč] 5 400 CZK 20 000 CZK 38 500 CZK

Horizontal
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Heat recovery from wastewater

Model Recoh-vert Wagner Solar - ECO Shower 15 Eco Drain V1000

Design

Country of origin Německo Německo Kanada

Size [mm] Ø90x650x130 Ø50x1000 Výrobce neuvedl

Approx. savings [%] 24% 60% 40%
Approx. price [Kč] 10 000 CZK 10 000 CZK 8 100 CZK

Vertical
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Heat recovery from wastewater

Local heat recovery
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Heat recovery from wastewater
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QTV heat supplied by heater [kWh/period],

QTV,t heat for DHW [kWh/period],

QTV,z heat loss during heating and distribution [kWh/period],

z relative heat loss during heating and distribution [-],

VTV total DHW demand [m3/period],

ρ water density at mean tank temperature [kg/m3],

c specific heat capacity of water [J/(kg.K)],

tSV cold water temperature (10 °C is considered) [°C],

tTV DHW temperature (55 °C is considered) [°C].

tP temperature of preheated cold water [°C]

tMIX temperature of the water used in the

shower (mixed)[°C]
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Heat recovery from wastewater
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the smaller of both heat flow capacities [W/K],

tmax temperature difference of both liquids at the 
exchanger inlet [K].

Efficiency of the exchanger

minC
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Heat recovery from wastewater

TMIX = 40 °C a VMIX = 8 l/min

TTV = 55 °C => VTV = 5,33 l/min

TSV = 10 °C => VTV = 2,67 l/min
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Qwithout heat WITHOUT heat recovery

Qwith heat WITH heat recovery

Relative heat savings

36/38

Heat recovery from wastewater

Efficiency of the exchanger
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Heat recovery from wastewater

standard design

standard design

adjustment

adjustment

Relative heat savings
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Roman.Vavricka@fs.cvut.cz

THANK YOU FOR YOUR ATTENTION
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