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Abstract 

With the extremely low energy consumption, Ultra-low energy building has become an important direction of the 

construction development in recent years. The mechanical ventilation system has becoming a key factor that 

affecting the quality of indoor air and the overall building energy consumption because of the high-level air 

tightness. The accuracy of preheating load estimation can greatly reduce the frost in fresh air systems in cold 

regions. This paper focuses on the impact of actual operating schedule when calculating the preheating load in 

cold and severe cold regions. Thus, a correcting calculation and differential analysis on office building and 

residential building will be proposed aiming at different operating strategies of fresh air system in ultra-low 

energy buildings. 
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1. Introduction 

As the key point of current building energy saving works, Chinese government has published a set 

of building energy standard with an involved area of 4.86 billion square meters [1] ever since the 

“Eleventh Five-Year”. Many provinces and municipalities, such as Beijing, Tianjin, and Hebei Province, 

have owned a proportion of energy–saving building area of more than 30% of existing buildings. With 

the good insulation and the high airtight performance, the ultra-low energy building can greatly reduce 

the heating and cooling load, thus becomes an important direction in recently civil construction 

development. To meet the need of indoor air quality, mechanical ventilation system will be a necessary 

part in ultra-low energy building [2]. So a properly designed and optimized operating ventilation system 

will be an important factor in reducing energy consumption. 

For ultra-low energy building, the calculation of actual ventilation system design should consider 

the affection of air tightness and heat recovery, preheating load should also be considered if it is in cold 

or severe cold regions since the extremely low outside air temperature may cause frosting in the heat 

recovery exchanger [3]. However, various time schedules may give rise to different heating or cooling 

load characteristics. It should be noticed that the partial operation period would be a potential 

influencing factor of system peak load determination. Since the operating schedule for public buildings 

is more fixed comparing with residential one that owns more complex individual factors. Energy 

consumption on working day and non-working day are quite different thus a rational and clearly aimed 

systematic load calculation is very important to high efficiency. 
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As for now, there is still no mature method in heat/cooling load calculation. The existing energy 

consumption calculation can only give estimation that need to be adjusted by comparing with annual 

monitoring data. So it makes little sense if the procedure didn’t consider actual operation schedule. This 

paper proposes a heating energy consumption calculation method for ultra-low energy building 

ventilation system which considers different operation schedule. 

 

2. General heating load calculation method for ventilation method 

Current ventilation design is mostly based on full-time operation schedule, as well as the energy 

consumption calculation. The main parameters include air volume, outdoor calculating parameters, and 

actual operating strategy. 

2.1 Determination of air change rate 

The air change rate ns can be determined according to “Design standard for ventilation and air 

conditioning of civil construction” (GB50736) [4] and the volume flow of fresh air VV  

V TFA= SV A h n   （1） 

where: VV is the volume flow of fresh air, m
3
h

-1
; ATFA is the treated floor area, m

2
; h is the height of the 

room, m; ns is the air change rate, h
-1

. 

The cold air infiltration caused by the stack impact and the wind impact is usually calculated as part 

of the thermal load in experience [5]. Due to the excellent airtight performance, ultra-low energy 

building, the infiltration load greatly reduced. According to the maintained positive pressure drop in air 

conditioned room, the air change rate caused by air infiltration can be calculated: 

n50 50
V Rest

V

 e
=

V n
n

V

 
，

 （2） 

Where: n50 is the air change rate under the air tightness test with a pressure drop of 50 Pa, h
-1

; Vn50 

is the corresponding air change volume, m
3
/h; e is wind protection coefficient，which is defined to 

characterize the impact of surrounding environment to building air infiltration in EN ISO 13790[6]. 

Table 1 shows the detailed definition. 

 

Tab.1 Wind protection coefficient e 

Wind protection coefficient，e Several sides exposed One side exposed 

No screening 0.10 0.03 

Moderate screening 0.07 0.02 

high screening 0.04 0.01 

 

The effective air change rate can be expressed as: 

 V S HR,eff V,Rest1n n n     （3） 

where, ηHR,eff is the practical operating efficiency of heat recovery in ventilation system [7]. In actual 

operation, the efficiency of heat recovery equipment changes with the variation of different temperature 

drop between fresh air and exhaust air and it will increase as the temperature difference increased. 

2.2 The fresh air heating load 

In north China, ventilation system with heat recovery devices may get frost in winter when the 

outside temperature is lower than the working temperature range and thus preheating would be a 

necessary measurement. The outdoor fresh air should be sent into the heat recovery device only when it 

is higher than the limitation of working temperature range. Define the preheating opening temperature, 



topen: when the temperature of fresh air is lower than the preheating opening temperature, preheating 

procedure start and the fresh air is preheated until which temperature is up to the preheating set 

temperature, tset. The ventilation heating load can be expressed as: 

L P Tq q q   （4） 

where, qL is the total ventilation heating load, kW; qP is the preheating load, kW; qT is the post heating 

load, kW. The preheating load is defined as: 

 p p air design set minq c V t t   （5） 

where, qp is the preheating load of fresh air ventilation system, kW; cp is air specific heat capacity, 

kJ/(kg℃); ρair is air density, kg/m
3
; tset is the preheating set temperature, ℃; tmin is the minimum 

outdoor dry bulb temperature, ℃. The auxiliary heating load can be defined as: 

 T p air V room minq c V t t   （6） 

where, troom is indoor air temperature, ℃, according to the parameters that specified in national 

standard, the indoor design temperature is 20 ℃ in heating season, while 26 ℃ in cooling season. 

 

2.3 The energy consumption of fresh air heating  

Ultra-low-energy building heating energy has a strict annual consumption requirements (≤

15kWh / m
2
a) and a rational analysis of systematic design calculation and analysis of wind is especially 

important. The annual heating energy consumption, QL, is a sum of preheating consumption, QP, and 

auxiliary heating consumption, QT: 

L T PQ Q Q   （7） 

Where, QL is annual heating energy consumption, kWh/a; QT is the auxiliary heating consumption, 

kWh/a; and QP is the preheating consumption, kWh/a. In this paper, Auxiliary Heating Degree Hour 

(AHDH) and Preheating Degree Hour (PDH) are defined to calculate the annual preheating 

consumption and auxiliary heating consumption. 

When the outdoor air temperature is lower than the preheating opening temperature, which is when ti < 

topen, preheating mode on: 
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Where, Gp is Preheating Degree Hour (PDH), k℃h; GT,o is the auxiliary heating Degree Hour under 

preheating mode, k℃h. When the outdoor air temperature is higher than the preheating opening 

temperature, that ti > topen, outdoor fresh air will be sent into the heat recovery devices without 

preheating: 
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   （10） 

T T,c T,o+G G G  （11） 

where, GT,c is the auxiliary heating Degree Hour without preheating, k℃h, in those areas that do not 



need preheating during heating season: 

T T,cG G  （12） 

In severe cold regions, both of the preheating mode and non-preheating mode will be included in 

the annual heating consumption and the preheating consumption can be calculated as: 

P V V p P       Q V n c G     （13） 

The auxiliary heating consumption can be expressed as: 

t V V p t       Q V n c G     （14） 

3 Heating load and energy consumption under various operating schedules 

The system operating schedule is a building type related factor which will vary according to 

different building function. So it is important to pay attention to the correction when carrying heating 

load and heating energy consumption calculation during system design process. 

3.1 The operating schedule impact on heating load 

For public buildings, most of the fresh air systems will operate according to a more fixed time 

schedule, while for residential buildings, a more random schedule may be more tally with the actual 

situation considering the diverse composition of Chinese families. So during the heating load 

calculation, it is important to analysis that if the peak loads of the designed operating period covers the 

actual operating peak load. The following situations may exist: 

(a) When the actual operating mode is full-time running, then Hopen=Htotal, the peak load of the 

target system equals to the outdoor design parameters calculating value; 

(b) When the actual operating mode is part-time running, then Hopen≠Htotal, qmax,open=qmax,total, 

the peak load of the target system isn’t affected by the schedule and the calculating method is same 

with situation (a); 

(c) When the actual operating mode is part-time running, and the operating period does not cover 

the peak load segment. Then the adopted outdoor parameters need to be calculated based on the actual 

operating period, which should correspond to the actual peak load within the calculating period. 

These results show that the operating schedule plays a more significant impact on public buildings 

which own a more fixed run-time, and more significantly proportional relationship between part-time 

system peak load and full running peak load.  

3.2 The operating schedule impact on heating energy consumption 

The actual operating mode of the target system plays an evident impact on annual energy 

calculation, mainly reflected in the calculation of the number of hours the preheating of the number of 

hours and the auxiliary heating, the two should be calculated based on the actual operation of the 

system, which means that for ultra-low power architecture, design new air system should not be 

generalized, but should be calculated based on the actual operating conditions of each system in order 

to reduce energy consumption errors. 

4. Result and analysis 

A multi-floor ultra-low energy consumption office and a typical residential building are taken as 

validations in this paper to show the changes of heating load and heating consumption of fresh air 

system under different time schedules. The climate data is chosen for both cold region (Beijing) and 

severe cold region (Harbin). Meanwhile, TRNSYS is also adopted in this paper to verify the accuracy 



of this method. 

TRNSYS is a kind of graphically based simulating software which the vast majority of 

simulations are focused on assessing the performance of thermal and electrical energy systems. 

TRNSYS has shown a good performance in building energy system simulating and annual energy 

consumption. 

Table 2 shows the different operating schedule of fresh air system in various types of 

constructions. Taken the office staffs as examples, Table 2 gives the operating schedule for residential 

buildings and an ordinary eight-hour schedule for office building air conditioning systems. 

 

Tab.2 The operating schedule of fresh air system  

Building Type Operating Status 
Working Day 

(Monday to Friday) 

Non-working Day 

(Saturday and Sunday) 

Office 
On 07:00-18:00 - 

Off 18:00-7:00 (Next Day) 00:00-24:00 

Residential 
On 18:00-7:00 (Next Day) 00:00-24:00 

Off 07:00-18:00 - 

 

Figure 1 shows the fresh air heating load in part-time office buildings under different preheating 

conditions in Beijing and Harbin. Three preheating setting modes are chosen according to different 

preheating opening temperature and preheating setting temperature. When the outside air temperature 

is below the preheating opening temperature, the preheating unit sets on and the fresh air is heated to 

the preheating setting temperature before it is sent into the heat recovery device for heat exchange. The 

system is set to operate only on work time and it can be seen from Figure 1 that with the increase of 

preheating opening temperature, the preheating energy consumption in both Harbin and Beijing 

increased significantly, Taking Harbin for example, with the preheating opening / setting temperature 

increased from -10 ℃ to -5 ℃ and 0 ℃, preheating load increases 27.6% and 55.2%,respectively, 

together with an auxiliary load decreased by 10.6% and 24.3%, the total system heating load increases 

11.7% and 21%, respectively. 

 

 

Figure 1 Fresh air system heating load for office building in Beijing and Harbin 
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Figure 2 shows the variation of the fresh air heating load under different preheating conditions in 

Harbin. As can be seen from the figure, the heat load of fresh air system keeps almost unchanged when 

carrying the selective opening procedure in accordance with Table 2.  The reason of this phenomenon 

may because of the opening period in residential buildings are mainly concentrated in the night, which 

covers the whole period of operation of the peak load periods, and therefore during the design of 

residential buildings, the load peak of fresh air heating can be calculated in accordance with the 

full-time operating schedule. 

Compared to the residential building, office building part-time load reduces about 5% than 

full-time load, and this proportion will largely increase when the system is in the region with large 

temperature differences between day and night. The accurate calculation of the heating load  help 

clarify the impact of the different systems open mode, thus the system can be designed to better fit the 

needs of building function. 

 

 

Figure 2  The comparison of fresh air heating load in full-time and part-time 

schedules in Harbin residential 

 

Figure 3 is the energy consumption calculation for various preheating procedure in Harbin 

office buildings. Comparing with the full-time operating conditions, the preheating energy 

consumption of part-time schedule reduces about 65%. It can be seen from the figure that the 

work-time only schedule avoid the peak load during night. So for office buildings, concerning actual 

operating schedule when calculating the energy consumption may get more significant real value than 

residential buildings. 
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Figure 3  The comparison of heating energy consumption in full-time and part-time 

operating schedule in Harbin office buildings 

 

Figure 3 is the energy consumption calculation for various preheating procedure in Harbin 

residential buildings. It can be seen from the figure that comparing with the full-time operation 

schedule, the energy consumption under actual off-work operating schedule saves a proportion about 

24.1-31.3% of the total energy consumption and this can effectively correct errors that caused due to 

the opening period. Meanwhile, the energy that recovered from the heat recovery devices is also a 

critical measurement. From Figure 4, the calculation results show that the recovered energy reduces 

about 33.7% comparing with the full-time schedule. But it should be noticed that when the model were 

set under the same operating schedule, a relative low preheating setting temperature may effectively 

improve the total energy recovery and thus increasing the energy recovery efficiency of the heat 

recovery system. 

 

 

Figure 4 The comparison of heating energy consumption in full-time and part-time operating 

schedule in Beijing residential buildings 

 

5. Conclusions 

This paper shows a comparison of heating load and corresponding energy consumption under 

different operating modes and schedules in cold regions in China. An analysis of load and energy 
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consumption differences caused by various operating schedules is taken and thus can provide a 

reference of rational type selection for fresh air system and preheating temperature design. 

The influence of operating schedule when calculating the heating load and energy consumption 

should concern whether the actual operating schedule covers the peak load period. For residential 

buildings, since the actual running time includes the midnight peak point, there is little deviation 

between running time and full time schedule. But for office buildings and other public buildings that 

only run the air system on work time which doesn't cover the midnight peak point, an obvious 

deviation may lead to a big error, especially in those regions which own large temperature difference 

between daytime and midnight. The relative error between full time and part time schedule for office 

building in Harbin is about 5%. 

The actual operating schedule shows a more significant influence for energy consumption 

calculation. Taking Harbin for example, the actual energy consumption according to the method in this 

paper reduces 24%-31% of heating energy consumption for residential buildings and 65% for office 

buildings, compared with full time operating schedule. So a reasonable timetable can improve the 

accuracy of energy consumption calculation. 

In the safe operating temperature ranges, lower system operating temperatures of the heat recovery 

system helps maintain high heat recovery efficiency. Taking Harbin as an example, when the 

preheating opening time improves 5℃, the recovery energy will reduce 7-10%. 

 

Nomenclature 

ATFA Treated floor area, m
2
 

cp Air specific heat capacity, kJ/(kg℃) 

e Wind protection coefficient 

GP Preheating degree hour, k℃h 

GT Total auxiliary heating Degree with and without preheating, k℃h 

GT,c Auxiliary heating Degree Hour without preheating, k℃h 

GT,o Auxiliary heating Degree hour, k℃h 

h Height of the room, m 

Hopen The operating time for fresh air system on part time schedule 

Htotal The operating time for fresh air system on full time schedule 

nS Air change rate, h
-1

 

n50 Air change rate under the air tightness test with a pressure drop of 50 Pa, h
-1

 

nV The effective air change rate  

nV,Rest Air change rate caused by air infiltration, h
-1

 

qmax,open Peak load of the target system in part time schedule 

qmax,total Peak load of the target system in full time schedule 

qL The total ventilation heating load, kW 

qP The preheating load, kW 

qT The post heating load, kW 

QL Annual heating energy consumption 

QP Preheating energy consumption 

QT Auxiliary heating consumption 

ti Outdoor air temperature, ℃ 

topen Preheating opening temperature, ℃ 



tset Preheating set temperature, ℃ 

tmin The minimum outdoor dry bulb temperature, ℃ 

troom Indoor air temperature, ℃ 

VV Fresh air rate, m
3
h

-1
 

Vn50 Air change volume under the air tightness test with a pressure drop of 50 Pa, 

h
-1

 

η Efficiency of heat recovery in ventilation system 

ηHR,eff Practical operating efficiency of heat recovery in ventilation system 

ρair Air density, kg/m
3 
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Revision Explanation: 

The paper should be corrected in the following: 

- the title of the paper is not the same as in Easychair system; 

Author: Yes, we made a small modification on the title to make it reflect the content of the paper more 

accurately and the content of the paper keep the same with the abstract that we submitted before. 

The final title is "Heating load comparison of different operating strategies of fresh air system in 

Ultra-low-energy building" 

 

- nomenclature should be provided; 

Author: The nomenclature have been added at the end of the paper 

 

- equation 1 should be checked again: using equation 1 man gets volume flow (not volume); 

- equation 2 should be checked again and comparing to equation in EN 12831; 

Author: equation 1 and equation 2 have been checked and corrected. 

 

- check units for equation 8, 9 and 13; 

Author: equation 8,9 and equation 13 have been checked and corrected. 

 

- figure of the Office mentioned at chapter 4 should be given; 

Author: Chapter 4 show 4 figures in total and 2 for office building, 2 for residential building. 

 

- TRNSYS is mentioned above table 2 but not explained; 

Author: The introduction about TRNSYS has been added above table 2 

 

- on figure 3 should be on y axis energy consumption (in kWh) - not load (in W). 

Author: Thanks for pointing out and Figure 3 has been corrected. 


