
Climatic conditions

For HVAC calculations
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Are climatic conditions important?

How do they affect the HVAC system?

average

Peak condition in cooling

Peak condition in heating



Winter design conditions

Weather 
conditions

Ventilation

ti = 20°C

(RH < 60%)

• Outside air temperature 
constant (coldest day)

• No solar radiation

• No internal gains

ti = 20°C
t


Design temperature



Summer  design conditions

Weather 
conditions

Ventilation

ti = 26°C

(RH = 50%)

• Outside air temperature 
(warmest day) and solar 
radiation over 24 hours (clear 
sky conditions)

• Internal gains

1) Cooling systems
ti = 26°C

t


Design temperature



Summer  design conditions

Ventilation

ti = ???

Negligible effect of RH 

• Outside air temperature 
(warmest day) and solar 
radiation over 24 hours (clear 
sky conditions ),  wind 
direction and speed

• Internal gains

2) Naturally ventilated buildings

t



ti

Design temperature
Weather 

conditions



Energy need of a building for heating in winter

Weather 
conditions

Ventilation

ti = 20°C

(RH < 60%)

• Outside air temperature and 
solar radiation over the 
heating months

• Internal gains



Energy need of a building for cooling in summer

Ventilation

ti = 26°C

(RH = 50%)

• Outside air temperature and 
solar radiation over the 
cooling months

• Internal gains

Weather 
conditions



Comfort performance of a naturally ventilated
building in summer

Ventilation

• Outside air temperature and 
solar radiation over the 
cooling months

• Internal gains

Weather 
conditions

ti = ???

Negligible effect of RH 



In summary:

• The HVAC has to work in design conditions, i.e. it has to face 
the most critical conditions in winter and summer.

Sizing

Peak power in heating Peak power in cooling

Design

Selection of the plant: emission system, distribution system, 
generation system

Energy required for 
heating

Energy required for 
cooling



HOW TO DEFINE THE CLIMATE OF A ZONE

• Outside air temperature

• Relative humidity

• Speed   and wind direction

• Solar radiation



• Design temperature during winter and summer

• Average yearly temperature

• Degree Day

• 12 monthly average temperature

• 12 profiles for the average day of the month (24 hours for 12 
months)

• TRY    (Test Reference Year): 8760 hourly values

HOW TO DEFINE THE TEMPERATURE



Average yearly temperature

Design temperature in winter conditions

Minimum temperature (conservative condition):

It is used for calculating the peak power for heating: 
• size the emission systems (radiators, radiant floor, fan-coil)  

room by room
• size the generation system (boiler, heat pump, etc.).

A single value for the average temperature during all the year 
(ground temperature)



Example of design tempetratures 1/2



Example of design tempetratures 2/2



Usually defined in standards

Design temperature in summer conditions

Values for the term ph used in the evaluation of the 

external air temperature  according to the hour of the day

ambhambhamb tptt  max,,

87654321hour

0.840.930.9810.990.960.920.87ph
161514131211109hour

0.0300.030.110.230.390.560.71ph
2423222120191817hour

0.820.760.680.580.470.340.210.1ph



Degree Day  (DD)

Degree days (DD): simplified representation of outside air temperature 
data (effect of outside air temperature on building energy 
consumptions).

Heating Degree Days (HDD) are a measure of how much (in degrees), 
and for how long (in days), outside air temperature was lower than a 
specific base temperature or balance point. They are often used for 
calculations related to energy consumption required to heat buildings.

Cooling Degree Days (CDD) are a measure of how much (in degrees), 
and for how long (in days), outside air temperature was higher than a 
specific base temperature. They are often used for calculations 
relating to the energy consumption required to cool buildings.



DD is the sum, for each day j, of the difference between the internal 

temperature (ti) and the daily average external (ambient) temperature   

(tamb,d,j). The limits of the heating/cooling season are usually defined 

by a threshold external reference temperature below which there is 

heating and above which there is cooling:

H 



365

1
,, )(

j
jdambi ttDD  if jdambt ,, < tthreshold,heating 

C 



365

1
,, )(

j
jdambi ttDD  if jdambt ,, > tthreshold,cooling 

There are different ways to choose the inner temperatures and the 

threshold temperatures since different buildings have different base 

temperatures 



Example of degree days (DD) 1/2



Example of degree days (DD) 2/2



Usually in most of the European countries the HDD is quite well 
established, while the CDD definition is not always clear. In many 
countries (e.g. Italy and Germany) the reference threshold base 
temperature for heating condition is fixed at 12°C. The indoor 
reference indoor temperature depends on the building, but usually it 
can be considered equal to 20°C. The heating degree day (HDD) can 
be calculated in an easier way as the difference between the indoor 
temperature and the mean outdoor monthly temperature   times the 
number of days of the considered month nd,z if the considered zth

month has an average temperature lower than 12°C:

  



12

1
,,,

z
zdzmambi nttDDH





Monthly average temperature



Hourly average temperature during the month 1/2

Gennaio - Temperature nel giorno medio
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Luglio - Temperature nel giorno medio
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Hourly average temperature during the month 2/2



Test Reference Year (TRY)

try
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HOW TO EVALUATE THE SOLAR RADIATION

Solar radiation is usually measured on the horizontal
plane:

 Single value to define the annual average incident radiation on 
the horizontal

 12 values for the average monthly incident radiation on the 
horizontal (split into direct and diffuse)

 12 average daily profiles of 24 hours for the incident radiation 
on the horizontal (split into direct and diffuse) during a month 
(12 x 24 values)

 TRY  Test Reference Year: 8760 (365 x 24) values   for direct and 
diffuse radiation on horizontal



Daily average solar radiation





Irradianza solare orizzontale
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Consequences of the orientation of the surfaces


