
(Title) 

OPTIMUM VENTILATION AND AIR FLOW 
CONTROL IN BUILDINGS 

17th A r C  Conference, Gothenburg, Sweden, 
17-20 September, 1996 

Energy Efficiency in Office Buildings 
An Energy and System Analysis Study 

(Authors) Anders Nilson, Christer Hjalmarsson and Ragnar Uppstrom 

(Affiliation) 
Bengt Dahlgren AB, 

Victor Hasselblads gata 16, S-42131 Vbtra Frolunda, 
Sweden 



SYNOPSIS 

While the use of heat energy has decreased since the middle of the 1970's the use of electricity in 
the Swedish stock of commercial buildings has increased dramatically. In the average Swedish offi- 
ce building, roughly 30 % of all electricity is used for heating, ventilation and air-conditioning 
WAC).  Another 30 % is used for lighting, 20 % for office machines, and about 20 % for other 
loads. 

In order to study the use of electricity in Swedish office buildings in detail, the Swedish Council for 
Building Research initiated four monitoring and bddiing simulation projects in 1989. The project 
buildings represent different ages and different HVAC technologies. 

Based on a d i n a t i o n  of hourly monitored data during four years, building simulations using the 
DOE2 program have been carried out. In two of the buildings, energy conservation measures have 
been implemented too. 

An interesting aspect in our study is the so called load factor. Load factors for lighting and other 
electric loads are evaluated. Taking this into account, you can optimize the design of the air flow 
rates and the cooling systems and reduce the investment and operational costs for the W A C  sys- 
tems. Thanks to a correct HVAC design you may also reduce the negative impact on the environ- 
ment by less use of CFCs etc. 

Our studies indicate that the load factor variation in Swedish office buildings, during a day or a 
week, diverge substantially &om the schedule for lighting and office machines etc. accord'ing to the 
ASHRAE 90.1-1989 Standard 6. Regarding office machines etc., the installed power density also 
diverges to a great extent. 

In order to class@ ventilation systems with respect to energy efficiency, some different key values 
are defined. One is the so called SFP value (Specific Fan Power). In some Swedish projects, the 
goal has been to reach a level of 1.5 kW/(m3/s) or less. However, it is not easy to reach that level in 
existing buildings. SFP values for Swedish office buildings based both on rated and measured data 
are presented in this paper. 

By implementing appropriate energy conservation measures (ECM), the use of electricity and heat 
energy may be considerable reduced and also lead to a better indoor climate. However, it is impor- 
tant to have an overall view of the building and its systems and to take all effects of interacting 
ECMs and systems into account. 



1 INTRODUCTION 

While the use of heat energy has decreased since the middle of the 19701s, the use of electricity in 
the Swedish stock of commercial buildings has increased dramatically. This increase was most pro- 
nounced in the 1980's. 

The use of electricity in the Swedish commercial building sector amounts to about 25 TWh annu- 
ally. In the average Swedish office building roughly 30 % of all electricity is used for WAC. 
Another 30 % is used for lighting, 20 % for office machines, and about 20 % for other loads '. 
In order to study the use of electricity in Swedish office buildings in detail, the Swedish Council for 
Building Research initiated four intensive monitoring and building simulation projects in typical 
office buildings in 1989. These buildings, owned by four Swedish insurance companies, represent 
dierent HVAC technologies. Two of them are representative of the early 1980's and the other 
ones of the late 1980's. 

During this before-after study period, we also investigated some twenty other office buildings with 
respect to the energy use both in total and for diierent loads such as for lighting, office machines 
etc. The W A C  system, control system and lighting system were also studied. Several energy and 
power measurings as well as other kinds of measurements were carried out. 

Detailed results fiom these studies have up till now mainly been published by the Swedish Council 
for Building Research -. However, the results have also been used recently in a licentiate thesis as 
well as in a doctoral thesis, both at Chalmers University of Technology in Gothenburg 495. 

2 LOAD FACTOR S 

2.1 Definition 

An often neglected thing when designing HVAC systems for office buildings is the so called load 
factor. This factor we define as the quotient between the electrical power used at a given moment 
and the total power installed (rated) e.g., for part of or the whole office building. 

The load factor can be said to be compounded of two parts. The fist part is the difference between 
rated power and real power in use for each machine etc. The second part is the fact that all machi- 
nes and lighting etc. in an office floor etc. are never used simultaneously. 

Another expression that d be used in this paper is the installed power density. When talking 
about installed power density for lighting or receptacle (office machines etc.) or both together, we 
mean the power installed (rated) e.g., for part of or the whole office building, divided by the floor 
area of immediate. 



2.2 Correct Load Factor Consideration Leads to Environmental Benefits 

When designing W A C  systems it is very important to consider the load factor in a correct manner. 
By taking the load factor into account, you can optimize the design of the air flow rates as well as 
the cooling systems. Thus you can reduce the investment and operational costs for the HVAC sys- 
tems as well as the environmental influence. 

You obtain environmental benefits in two ways. First, a correct designed HVAC system will use 
less energy than an oversized one. Secondly, this will lead to less use of CFCs etc., which will be 
demonstrated shortly in section 3.3. 

2.3 Decreasing Load Factors 

Our studies have shown that the load factors in office buildings are often much lower than most 
consultants and building engineering experts think. Furthermore, the load factors in Swedish office 
buildings have tended to decrease during the last few years. This fact has been possible to estabiish 
as a result of our monitoring project running for several years. There is no reason why our results 
would not be valid also for office buildings in other countries. 

In Figure 1 results fiom the four main buildings in our investigation are shown. The load factors in 
this figure are counted for single office floors and represent maximum values during several years 
of monitoring. The values include lighting and all electrical office machines etc. and are representa- 
tive of about 700 m2 in each building. 

Figure 1 Maximum load factors for single office floors in four typical Swedish office buildings 

Office buildings in common are getting more and more equipped with electrical office machines. 
This is the main reason why the remarkable load fkctor decrease in the Lorensberg and the Svane- 
holm office buildings. The great drop for the Lorensberg office building is also a resdt of the in- 
stalled occupancy sensor-controlled lighting system. 

When the number of personal computers, printers etc. increase, the difference between the total 
summed up rated power and the power in use also increase i..e., the load factor becomes lower. 
One reason for this is that all machines and lighting are never used simultaneously. 

Based on investigations in several office buildings during a number of years, we also state that the 
dierence between the rated power and the real operating power for each single machine today is 
often greater than it used to be. Often the operating power is about 30 % of the rated one. 

Our detailed studies in the four office buildings have also showed that there normally is a difference 
regarding the load factor level between summer and winter time. In the summer the load factors 



often are somewhat lower, mainly due to the fact that all office staff does not need to use the 
lighting all day. Of course vacations also to some extent have an iduence on the level of the load 
factor. 

Considering load factors, one must also be aware that they will probably increase even more in the 
future, although most office buildings already today are very well equipped. This statement is based 
on two trends seen today. First, most office machines become more and more energy eflicient in 
standby periods, thanks to power sleep modes, Energy Star demands, etc. Secondly, the use of 
office lighting controlled by occupancy sensors will probably become more frequent. Both these 
circumstances will increase the difference between the installed rated power and the real power 
demand, and through this the load factor, will be reduced. 

Recently, a new project has been started in order to study load factors, not only for single office 
floors but also for entire office buildings. In the entire office buildings, the load factors are probably 
even lower than has been shown in this paper. We intend to find out the normal level of total load 
factors as well as their schedules. 

2.4 Comparisons Regarding Installed Power Densities and Load Factors 

In this section, results regarding installed power densities and load factors f?om our four building 
projects are compared with the ASHRAE 90.1-1989 Standard 6.  

1 In new Swedish office buildings the installed power density for office lighting is o h  less than 10 w/m2 incl. losses 

Figure 2 Installed power densities for single office floors in four typical Swedish office 
buildings (before ECMs) compared with the ASHRAE Standard 

From measured load factor schedules and the installed power density values in Figure 2, we can 
calculate what we may call power density schedules. An analogous calculation may also be done 
based on shedules and power density values according to the ASHRAE Standard. 

In Figure 3, power density schedules for office machines etc. based on the four project offices, as 
well as based on the ASHRAE Standard for an average working-day may be seen. In Figure 4, a 
similar comparison is shown, but this time regarding density schedules for office lighting. 
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Figure 3 Power density schedules for office machines 
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Figure 4 Power density schedules for ofice lighting 

Two main conclusions may be drawn fiom the results shown in Figure 3 and Figure 4. 

Firstly, despite substantial differences regarding installed power density as well as the load factor 
schedules, the two power density schedules for office machines etc. become quite similar. The daily 
energy use will be nearly the same in both cases '. 



Thus, regarding receptacles (office machines etc.) the ASHRAE values may be used also for Swe- 
dish office buildings. Please note that in this case both the ASHRAE load fzctor schedule and the 
ASHRAE installed power density must be used. 

On the other hand, the second main conclusion is that a utilization of installed power density, and 
schedule for lighting amrdiing to the ASHRAE Standard will result in a power density schedule 
that does not at all correspond to our experiences based on conditions in Swedish office buildings. 

In Sweden therefore, a W A C  system Illy designed and based on the ASHRAE Standard would 
probably become oversized. 

3.1 Why Simulate? 

When for instance an office building is to be built or rebuilt, it is very often advantageous to carry 
out computer simulations. Hereby different possible HVAC systems may be analyzed. This is a way 
to optimize the design and to reduce the life cycle costs for the system choosen. In a rather cheap 
way you will also get a prediction of the energy and power demands for the building. 

3.2 Simulations for the Svaneholm Office Building and Measuring Results 

There are several different building energy simulation programmes on the market today. We have 
used the well known and in many studies validated DOE2-program (version 2. 1D) 7. 

Based on a combination of hourly monitored data during four years, building of the 
effect of different possible energy conservation measures (ECMs) have been d e d  out for the 
Svaneholm office building 12. The monitored data represent the most important end-users of elec- 
tricity such as ventilation, cooling, lighting, computers, etc. 

One of our goals was to analyze the real result of the energy savings besides learning more about 
the system effect of different ECMs. 

In Figure 5, the results of some of these simulations are shown. The use of electricity as well as of 
energy for heating could be considerably reduced if both studied measures were to be implemented. 
Measure no 1 stands for "Installation of energy efficient lighting7', and measure no 2 for "More 
energy efficient W A C  system". 
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Figure 5 DOE2 simulations of energy use for the Svaneholm office building 

These simulations were carried out based on real load factors, determined through the measurings 
mentioned above in combination with inventories. When simulating buildings to be built, of course 
you do not have any load factor information etc. for the building. This is one of the reasons why it 
is of great interest to establish what might be called schedules of normal load fixtor for different 
kinds of buildings. 

Today in the Svaneholm building, the ECMs have been implemented to a great extent. By means of 
long time monitoring, we have been able to see that the accordance between simulations and real 
outcome is very good regarding energy use as well as power use. Although all ECMs are not yet 
completely carried out, we have reached about 90 % of the predicted energy savings. 

In Figure 6 and Figure 7, power profiles are shown for comparable weeks before and after the 
implemented ECMs. The y-axis represents power and the x-axis represents time. Consequently the 
different areas in the figures represent the energy use. 
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Figure 6 Power profile for the Svaneholm office building before implemented ECMs 
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Figure 7 Power profile for the Svaneholm office building after implemented ECMs 

A comparison between these two figures shows that the energy and power used for Office floors 
(i.e. lighting and plug loads as PCs etc) as well as for Fans are substantially reduced. However, it 
should be noted that all W A C  measures were not yet implemented when the power profile in Fi- 
gure 7 was plotted. Due to circumstances not connected to the project, the power use for Other 
loads has increased. 



3.3 A Short Example of Load Factor Influence 

To show the influence of the load factor level and its time variation some other DOE2 simulations 
for the Svaneholm office building were carried out. In the basic simulation (left column in Figure 5) 
a load factor schedule based on real measurements was used. In a second serie of simulations a load 
factor schedule accordiig to the ASHRAE 90.1-1989 Standard was used. In both cases the same 
criteria for satisfactory indoor climate was set. 

The ASHRAE simulations indicated that more energy was to be used for ventilation as well as for 
the cooling system. The electric power demand for cooling equipment was about 10 kW higher 
according to the ASHRAE simulation. The W A C  system would probably become oversized if it 
was designed in accordance with the ASHRAE schedule. This example demonstrates the impor- 
tance of using correct and relevant load factors when simulations are to be carried through and, 
above all, when W A C  systems are to be designed in reality. 

As mentioned before, correct design of the W A C  systems does not only result in reduced invest- 
ment and operational costs, but also in environmental benefits such as less use of CFCs etc.. The 
diierence regarding the demand for cooling between the ASHRAE simulation and the basic simu- 
lation for the Svaneholm building corresponds to a difference concerning the CFC volume of about 
10 kg. 

Of course, a use of relevant load factor schedules is also very important when ECM simulations is 
to be done, as e.g. those shown earlier in Figure 5. Often, the same type of ECM lead to quite 
diierent energy savings if the simulations are based on different load factor schedules. The higher 
an office's internal loads (lighting, office machines etc.) are, the more important is a correct load 
fixtor assumption. 

4 SPECIFIC FAN POWER MEASUREMENTS 

In order to classitjr ventilation systems with respect to energy efficiency, merent factors are used. 
One is the so called SEP value (Speczc Fan Power). The SEP value is defined as the total fan mo- 
tor power installed divided by the total air flow through the build'ing. 

In some Swedish projects the goal has been to reach a SFP level of 1.5 kW/(m3/s) or less. How- 
ever, it is not easy to reach that level in existing buildings even when extensive renovation work is 
to be carried out. 

In Figure 8, SFP values for the four buildings in our main project are presented. 

Figure 8 SIT' values for the four Swedish project office buildings before ECMs 



A comparison between the figures above and Swedish (as well as American) limits regarding SFP 
values shows that most SFP values considerably exceed these limits. However, this result was also 
expected, since the four buildings are not built according to current standards. 

Figure 8 also indicates a fact that we have seen in many offices that we have studied. There are 
oRen great differences between SFP values based on rated data (motor power and air flow) and 
SFP values based on measured data. 

The above values may be classiied as high compared to the levels that we discuss today. However, 
with the exception of the Starnpen value the SFP values for the four project buildings are not ex- 
tremely high. In Figure 9, SFP values for seventeen Swedish office buildings that we also have 
studied are shown as a comparison. 

House no. 

Swedish offire buildings 

Figure 9 SFP values based on rated data in seventeen Swedish office buildings 

5 AN OVERALL VIEW IS ORTANT WHEN P G ECMs 

By implementing appropriate ECMs the use of electricity and heat energy may be considerably 
reduced and also lead to a better indoor climate. However, it is important to have an overall view 
on the building and its systems and take all effects of interacting ECMs and systems into account. 

The result of the DOE2 simulation shown in Figure 5 above demonstrates this . When only lighting 
measures (Measure no 1) were carried out, a great reduction of the use of electricity was obtained - 
but more energy had to be supplied for heating. However, when also HVAC measures (Measure 
no 2) were carried out, the heat energy use as well was reduced consider&ly. 
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