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Summary 

The aim of BREEAM Hea 8 is to reduce the risk of health related issues associated with poor 

indoor air quality. In order to minimise the recirculation of exhaust air, Hea 8 specifies that there 

should be more than 10 meter separation between air exhausts and air intakes; colloquially known 

as “the 10 meter rule”. BRE has opened for Computational Fluid Dynamics (CFD) to be used to 

document alternative solutions. 

This report presents CFD analyses of four separate buildings, all using Jet Exhaust Systems as 

their ventilation solution. In total 30 such systems are analysed, all of which have a separation 

between exhaust and intake considerably less than 10 meters. 

For the purpose of evaluating the relative performance of the exhaust systems, an “Hea 8 

reference level” is established by replacing the jets by representative low velocity vents – and by 

moving the corresponding air intakes 10 meters away from the exhaust vent. 

It is found that the Jet Exhaust Systems analysed yield yearly average recirculation rates of less 

than 1 %. 

The Hea 8 reference level is found to be typically 10 times higher; mostly in the range 5 - 10 %. For 

one system the 10 meter Hea 8 reference level was found to be as high as 27 %.  

The reason why Jet Exhaust Systems perform much better than a reliance on a 10 meter 

separation is that, for low wind speeds, when most recirculation occurs, a Jet Exhaust System lifts 

the exhaust upwards, away from the building and the air intake. A non-jet system leaves exhaust 

free to advect and diffuse towards the air intake. This is illustrated on the front page of the report.  

A comparison of the analysed systems, with additional sensitivity analyses, suggests that a Jet 

Exhaust System following the specifications of Figure 1 is likely to yield less than 1 % recirculation. 

 

Figure 1: Suggested pre-accepted Jet Exhaust System. 
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As such it is recommended that Jet Exhaust Systems featuring jet nozzles with diameters between 

0.5 meter and 1 meter meeting the following criteria should be pre-accepted as an Hea 8 certified 

solution:  

1. An upwards directed exhaust nozzle. 

2. A profile averaged jet exhaust velocity of 5 m/s or more (minimum for VAV systems). 

3. A total of 0.4 m or more vertical separation between the jet exhaust nozzle and the upper 

part of the air intake. 

Please note that this formulation is not intended to be a universal limit for such a system: it is based 

on the parametric span of the current study. In many cases a lower jet exhaust velocity could be 

sufficient, especially for an increased vertical separation. The above suggested formulation should, 

however, cover most Jet Exhaust Systems for normal ventilation of medium to large office 

buildings. 

This study finds that the Hea 8 “10 meter rule” does not assure low recirculation rates. As a result, 

it should be considered whether or not this formulation is in fact in violation of Norwegian technical 

requirements (TEK10), and if it should be removed from the BREEAM certification system 

altogether. As it stands today it may contribute to the design of systems with higher recirculation 

rates than would be the case if the building were not BREEAM certified.  

Please note; this analysis only covers normal ventilation. That is, the removal of products from 

human metabolism, releases from standard interior building materials etc. The study does not 

cover exhaust from laboratories, industrial applications, combustion products, kitchen exhausts and 

so forth. For these types of exhausts, where even very low concentration levels could be critical to 

health or comfort, detailed documentation of ventilation solutions should be produced for each 

project, e.g. through CFD simulations. 
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 In Norwegian: Norsk VVS stiftelse for forskning. 
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1 Background 

1.1 BREEAM HEA 8 

The aim of BREEAM Hea 8 is to reduce the risk of health related issues associated with poor 

indoor air quality.  

In order to minimise the recirculation of exhaust air, BREEAM Hea 8 specifies that there should be 

more than 10 meter separation between air exhausts and air intakes. Recirculation is defined as 

when portions of exhaust air enter the air intake thus reducing the overall quality of the inlet air. 

Compliance with this criterion, colloquially known as the “10 meter rule,” yields one point in the 

BREEAM evaluation. Moreover, this point is necessary in achieving the three highest classes in the 

BREEAM system: “very good”, “excellent” and “outstanding”.  

In most cases these three classes are the ones that are sought after, and as a result, the fulfilment 

of the “10 meter rule” has, in practice, become absolutely decisive for whether or not a building 

owner decides to seek BREEAM certification – and in the case certification is sought, for how the 

ventilation system is ultimately designed. 

 

 

1.2 ALTERNATIVE ANALYSIS 

BRE has opened up for alternative analysis through CFD simulations, but no other methods.  

CFD, short for Computational Fluid Dynamics, covers a set of simulation tools in which the 

fundamental equations for fluid motion (the Navier-Stokes equations) are solved numerically 

through the use of computers.  

In general, CFD simulation tools require a high level of competence and expertise within both fluid 

dynamics and numerical analysis in order to produce reliable results. There is no generally 

accepted standard for how such an analysis should be performed, and no common certification of 

personnel or software currently exists.  

BRE does not given any specification as to how the CFD simulations should be conducted. There 

is neither a system for peer review, nor other quality control mechanisms in place. The reliability of 

the CFD analysis is therefore solely the professional responsibility of the engineer conducting the 

study.  
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1.3 JET EXHAUST SYSTEMS 

In Norway jet exhaust systems have, to our knowledge, generally been accepted by most 

practitioners to provide both high air quality and good efficiency with regards to the compactness of 

installation and system lay-out. 

There is meanwhile no generally accepted definition of a “jet exhaust system." In most cases, 

however, such a system consists of an exhaust hood that ejects air up vertically with a high velocity 

relative to a normal exhaust vent. Whether an exhaust velocity of 5, 10, or 20 m/s is required in 

order to use the term “jet exhaust” is however open to discussion. 

In most cases the jet exhaust is part of a ventilation unit with an air intake located below the 

exhaust position. Further, the exhaust and intake are often integrated parts of a dedicated technical 

structure located on the roof of a building, though in certain cases they may also be integrated into 

the building surfaces themselves.  

Figure 2 shows an example of a jet exhaust system. The upwards facing exhaust is in this case 

located approximately 4 meters above the air intake. By default this system does not satisfy the 

Hea 8 requirement as the separation between the exhaust and the intake is less than 10 m; in 

order to prove compliance a full CFD analysis of this geometry would be required.  

 

 

Figure 2: Example of a combined jet exhaust and intake system not in compliance with Hea 8. 

 

 

~ 4 meter 
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1.4 THE PRESENT ANALYSIS 

The analysis in this report has been conducted using CFD simulations as allowed by BRE.  

The simulations have been performed according to best practice methods typical for HVAC 

analyses in the offshore oil and gas industry. CFD has been used within this field for over twenty 

years for a variety of topics, including exhaust dispersion and ventilation recirculation.  

The CFD methodology in the current investigation has been developed by Norconsult based on 

broad experience for these types of studies, both within offshore oil and gas and land based HVAC 

and industrial applications (exhaust stacks, accidental gas releases, dispersion of traffic pollution, 

statistical wind analysis etc.). 

The group within Norconsult that is responsible for this report has extensive experience in CFD and 

fluid dynamics; the engineers involved hold academic degrees up to the doctoral level and have 

been responsible for international peer reviewed articles within CFD, wind engineering, and 

dispersion. Furthermore, the team includes HVAC engineers with a broad practical and theoretical 

knowledge of ventilation systems and of indoor air quality, as well as the BREEAM certification 

system.  

Norconsult is the largest engineering consultancy within HVAC in Norway.  
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2 Related Design Regulations and Criteria  

The BREEAM manual states that, in addition to its own requirements, other pertinent regulations 

should be also considered. A review of the relevant regulations has therefore been performed in 

this case to see if any of they have an influence on how Hea 8 should be interpreted. 

In the Norwegian manual it is specified that systems should comply with “technical regulations” and 

be in accordance with the recommendations in two specified standards.  

The three specifically mentioned references are  

 TEK10, Regulations on technical requirements for building works (Technical 

Regulations) [1] 

 SINTEF Building Research Design Guide 552.36 “Locating air intakes and exhausts to 

minimize air pollution” from 1999 [2]. 

 NS-EN 13779:2007, Ventilation for non-residential buildings – performance requirements 

for ventilation and room-conditioning systems [3] 

For completeness we have included two additional frequently used references  

 Ventøk 4.1 [4] 

 ANSI/ASHRAE Standard 62.1-2007, Ventilation for Acceptable Indoor Air Quality [5] 
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2.1.1 TEK10 

The technical regulation TEK10 is mandatory legal regulations when designing ventilation systems 

in Norway and upholding it has to be the absolute top priority. It contains the following specification:  

d) Air inlets and outlets shall be designed and located to ensure that pollution from outlets 

does not re-enter inlets and the air entering the inlet is as unpolluted as possible. 

This regulation thus specifies that there should not be any recirculation. From a strictly physical 

point of view this is, of course, impossible as all matter recirculates in some way in nature. There 

will, as such, always be a small amount of recirculation, even for the most efficient exhaust system.   

In this report, we have chosen to interpret the above quote from TEK10 to mean that recirculation 

levels should be as low as they can be, within reason, for new projects – and at a minimum, not be 

increased unnecessarily from what is common practice today.  

 

2.1.2 SINTEF Building Research Design Guide 

Figure 3 is taken from SINTEF Building Research Design Guide 552.36 “Locating air intakes and 

exhausts to minimize air pollution.” [2] The figure specifies criteria for physical separation of 

exhaust and intake. As can be seen from the figure the accepted minimum distance can be smaller 

than the 10 meters referenced in BREEAM Hea 8.  

In addition, the SINTEF guideline specifies that these criteria are valid for cases “where jet hoods 

are not employed.” This formulation has usually been understood to mean that jet hoods by default 

yield low recirculation rates and thus are exempt from this distance criterion. 

With regard to the separation distance between air exhausts and intakes, the SINTEF Design 

Guide is found to be less strict than BREEAM Hea 8.  

It is notable that the guideline includes a requirement for a vertical separation, stating that the 

exhaust should be at least 1 meter above the upper part of the intake. It also tabulates a maximum 

allowed recirculation rate of 1 % without any further explanation. 

 

Figure 3: Recommended minimum horizontal and vertical difference between intake and exhaust 

for systems “where jet hoods are not employed” [2]. 

Exhaust 

Intake grill 
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2.1.3 NS-EN 13779:2007 

The third reference, NS-EN 13779:2007, contains in its "Appendix A" a large number of different 

sketches and criteria for how to locate exhausts and intakes. However, all of the sketches are said 

to be applicable for “small decentralized ventilation systems (< 0.5 m
3
/s)”. Such systems are not 

relevant to the current study as they are rarely considered for BREEAM certification.   

For large centralised systems on the other hand, NS-EN 13779 contains one figure which specifies 

necessary horizontal and/or vertical separation as a function of type of exhaust and the ventilation 

rate (Figure A.1 in NS-EN 13779). 

Choosing exhaust type “office building where smoking is not permitted” (ETA1/EHA1) or “office 

building where smoking is permitted” (ETA2/EHA2), NS EN 13779 states that the air exhaust 

should be located  

 2 meters or more above an intake (without any horizontal separation) 

 2.5 meters or more sideways (without any necessary vertical separation) 

 4 meters below an intake (without any necessary horizontal separation) 

The results are said to be valid for exhaust velocities up to 6 m/s, and that “with higher velocities 

the distance can be smaller”. 

With regard to the separation distance between air exhausts and intakes, NS-EN 13779 is found to 

be less strict than BREEAM Hea 8.  

 

2.1.4 Ventøk 4.1  

Ventøk [4] is a popular ventilation guideline in Norway. It contains a table of necessary separation 

distances between exhausts and intakes for pollution sources such as chimneys, kitchens, sewers, 

and cooling towers
2
.  

With respect to exhaust from normal ventilation, Ventøk contains the following statements:  

(1) “Used air shall be removed from the building. Most effective is vertical exhaust located on roofs 
and where the air has sufficient exit velocity, minimum 13-15 m/s”. 
 

(2) “Used air from comfort ventilation (contaminated from persons and building materials) can be 
evacuated through wall vents. Horizontal separation should be minimum 3 meters.” 

With regard to the separation distance between air exhausts and intakes, Ventøk 4.1 is less strict 

than BREEAM Hea 8.  

Ventøk does however reference jet exhaust systems in particular, stating that they are the most 

efficient, though that they require a minimum velocity of 13-15 m/s.  

 

                                                      
2
  The distance limits for these are identical to the ones found in NS-EN 13779. 
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2.1.5 ANSI/ASHRAE Standard 62 

ANSI/ASHRAE Standard 62.1-2007, Ventilation for Acceptable Indoor Air Quality [5] is the relevant 

American standard.  

It does not have any regulations directly relevant to normal ventilation, but air intakes can be 

located 5 meters from “significantly contaminated exhaust,” defined as having a “significant 

contaminant concentration, significant sensory-irritation intensity, or offensive odour”. 

With regard to the separation distance between air exhausts and intakes, ANSI/ASHRAE Standard 

62 is less strict than BREEAM Hea 8. 

 

2.1.6 In Conclusion: Comparison of Hea 8 and the Other Criteria 

TEK10 in principle states that there should not be any recirculation. This is physically impossible 

and the text is interpreted as meaning that recirculation should be “reasonably low” – and certainly 

not be increased from what is common practice today. 

Other than compared with TEK10, the BREEAM Hea “10 meter rule” was found to be stricter than 

all the other relevant regulations with respect to the separation between air exhausts and air 

intakes. 

The 10 meter criterion is therefore, ultimately, the absolute definition in designing a ventilation 

system for BREEAM certification.  

One can also note that in the SINTEF guideline a rate of 1 % is set as an upper limit for 

recirculation. Although no explanation is offered as to where this limit originates from, this level can 

be a seen as a good reference to remember when studying the simulation results in this report. 
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3 Methodology  

3.1 CFD 

The analysis in this report is based on CFD simulations of four specific buildings that have been 

analysed for Hea 8 compliance. All the buildings are now BREEAM certified with jet exhaust 

solutions having less than 10 meters separation between exhaust and intake positions. 

The CFD methodology employed in the study is based on broad experience with such simulations. 

Project reports for all buildings are included as attachments to this report (in Norwegian
3
).  

The steady-state RANS simulations have been conducted using a typical “industry standard” two 

equation turbulence model (SST - Shear Stress Turbulence).  

To give realistic wind boundary conditions, a characteristic Atmospheric Boundary Layer (ABL) has 

been used.  

The domain sizes were chosen based on experience to be large enough to have small or negligible 

effect on the simulation results. 

In addition, for all simulations the models have been documented to:  

(1) Maintain the ABL velocity and turbulence profiles throughout the domain. 

(2) Give realistic jet spreading rates in quiescent surroundings (i.e. with no cross wind, a 

situation where good experimental data exists for comparison). 

It is the opinion of Norconsult that documentation of these two criteria should be a minimum 

requirement to conduct any CFD simulation of exhaust dispersion in the atmosphere. If these 

criteria are not satisfied, the results of the simulation will be untrustworthy and dependent more on 

modelling errors than on actual fluid dynamics.  

 

 

 

 
  

                                                      
3
 The reports can be translated into English on request by BRE, if desired. 
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3.2 TESTED BUILDINGS 

Of the four buildings analysed, three are new constructions and one is a rehabilitation project for an 

existing construction. The four buildings are: 

1) Asker Panorama – a new 32 000 m
2
 office building in Asker, outside of Oslo. The building has 

one jet exhaust system with a less than 10 meter separation to its air intake. The building has 

been certified as «Excellent» following our CFD analysis for Hea 8 compliance (Appendix A). 

2) The new 117 000 m
2
 Oslo Head Quarter of Statoil ASA. The ventilation system in the building 

features a total of 16 roof mounted combined jet hood and air intake systems with less than 

10 meter separation between exhausts and intakes. The building has been certified to 

«Excellent» following our CFD analysis for Hea 8 compliance (Appendix B). 

3) Rehabilitation of the 36 000m
2
 main office of the Norwegian Tax Administration (referred to as: 

Fredrik Selmers vei 4). The ventilations system employs a total of 9 combined jet exhaust and 

intakes with less than 10 meter separation between exhausts and intakes. The building is 

certified to «Very good» following our CFD analysis for Hea 8 compliance (Appendix C). 

4) The new Eiganes school in Stavanger (7 000 m
2
) to be finished in 2016. The ventilation system 

has four combined jet exhausts and intakes with less than 10 meter separation between 

exhausts and intakes. Compliance with Hea 8 is documented by our CFD simulations, and the 

documentation has been accepted (Appendix D). 

 
 

3.3 COMPARISONS OF ALTERNATE SOLUTION AND “10 METER RULE”  

To prove compliance with Hea 8, the CFD analysis should verify that the alternative solution gives 

a recirculation rate less than or equal to the “10 meter rule”. It is however not immediately obvious 

how to perform this comparison as, for one, there is no specific definition of the direction in which 

the 10 meters should be measured; the separation can in theory be in any direction away from the 

actual exhaust, and therefore a theoretical intake could be placed at many possible locations – 

some locations yielding low recirculation rates and other locations very high levels of recirculation. 

The methodology used to find the reference level in current work changed somewhat with 

experience, and from one building to the next based on the buildings characteristics. The different 

methodologies are documented in the appendices.  

To provide more exact estimates a method was finally developed for calculating the yearly 

averages of recirculation by weighting the simulations based on local wind statistics. This method 

was initially used for the fourth building, Eiganes School, but has in connection with this report 

been used to re-analyse the Oslo headquarters of Statoil (presented in Chapter 4).  

 

3.4 PHYSICAL TESTS 

In addition to CFD simulations a full scale smoke visualisation was performed using one of the jet 

exhaust systems on the roof of the Norconsult headquarters. In this study the jet was in addition 

partially covered by a tarpaulin to create a non-jet exhaust: i.e. representing a typical vertical vent. 

The tests are described in Chapter 5, and in a video following the report (also available online [6]). 
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4 Analysis of the Oslo Headquarters of Statoil  

4.1 THE BUILDING AND ITS VENTILATION SYSTEMS 

The building has a ventilation system utilising a total of 16 combined jet hood and air intake 

systems located on its different roofs. An overview of the systems can be seen in Figure 5.  

Figure 6 shows a close-up from the CFD model of one of the 16 systems. The vertical jet hood 

exhaust is coloured cyan and illustrated by an arrow, and the intake grills (two for each system) are 

shown in magenta.  

The building has Variable Air Volume (VAV) systems and the simulations were performed for the 

minimum ventilation rate of 10 400 m
3
/h per system. This represents 40 % of the full capacity. The 

minimum rate was chosen as a conservative assumption as higher exhaust velocities increase the 

jet momentum and the subsequent dispersion of the exhaust. 

To compare with a pre-accepted BREEAM reference the same amount of exhaust air was released 

from a fictitious radial low velocity exhaust vent, shown in Figure 7. The BREEAM reference 

recirculation rate was then estimated as the measured concentration of exhaust 10 meters from the 

exhaust vent. 

 

 

Figure 4: Oslo headquarters of Statoil (photo: Ole Jørgen Bratland/Statoil ASA). 
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Figure 5: CFD model seen from above with numbering of the 16 jet exhaust systems. 

 

 

Figure 6: Close-up of one of the 16 combined jet exhaust and intakes located on the roofs. 

 

 

Figure 7: BREEAM 10 meter reference: the cyan cylinder represents a low velocity exhaust vent. 
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4.2 SIMULATION EXAMPLES 

As an example, Figure 8 shows volume renderings of exhaust concentration for simulations with 

typical low wind velocities at the site (0.5 m/s). The wind comes from due north, that is, along the 

direction of upper building lamella. 

The transparency of the exhaust in the figures represents the concentration in the same way as 

smoke does. The “smoke visualisation” is also coloured by concentration, using a logarithmic scale 

to emphasize the low levels. 

In the upper figure one can see how the jet exhausts send the exhaust upwards to a considerable 

height before the plumes are taken by the wind and carried downstream. In the lower figure, 

showing the reference simulation, the exhaust flows along the roofs with limited dispersion giving 

high concentrations at roof level. Magenta lines indicate the “10 meter rule” radius. 

 

 

Figure 8: Simulation of Jet Exhaust System (top) and “10 meter reference” (bottom) for a typical 

low wind speed at the site.  
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Figure 9 shows the situation when the wind speed increases to 2.5 m/s, close to the mean wind 

speed at the site.  

Although the jet exhaust velocity is 6.5 m/s, substantially higher than the wind velocity, the jet is 

rapidly bent in the downstream direction as it meets the cross wind. In addition the wind improves 

the situation for the reference situation considerably. 

In spite of this, the recirculation rates are in fact still significantly lower for the jet exhaust systems 

than for the 10 meter measurement from the exhausts in the reference simulation. 

 

 

 

Figure 9: Simulation of Jet Exhaust System (top) and “10 meter reference” (bottom) for close to 

mean wind speed at the site. 
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On the surface, it does not seem that the situations changes very much when increasing the wind 

speed further, from 2.5 m/s to 5 m/s; as is shown in Figure 10. 

In reality the recirculation levels increases for the jet exhaust systems, as the jets are carried 

downstream even more rapidly after exiting the exhausts. On the other hand the exhaust levels are 

still low, measured at below 1 % for most systems in most wind directions. 

With regard to the reference situations, the increased wind speed reduces the exhaust levels found 

10 meters from the exhaust vents. The exhaust levels, which are typically about 1 %, are still 

higher than those found for the jet exhaust systems. 

 

 

 

Figure 10: Simulation of Jet Exhaust System (top) and “10 meter reference” (bottom) for relative 

high wind speed at the site. 
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Some main findings from the simulations are: 

 For lower wind velocities the “10 meter rule” does not provide low recirculation. For a non-

jet exhaust recirculation rates can be very high, typically higher than 10 % (dependent on 

the wind direction).  

 For lower wind velocities the Jet Exhaust Systems are very efficient, yielding very low, to 

no recirculation. They are, as such, inherently much more efficient than the “10 meter rule” 

reference simulation. 

 As the wind speed increases the jet momentum in the Jet Exhaust Systems loses parts of 

its effect, but they nevertheless still yield lower exhaust concentration levels than what is 

found for a reference situation 10 meters from a non-jet exhaust. 
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4.3 CALCULATION OF YEARLY AVERAGES 

The most important issue is likely to be the yearly average recirculation rates, i.e. how much 

exhaust enters the building over time. To find this one has to calculate statistical yearly averages. 

This is done by weighting a large number of simulations based on how often the different wind 

speeds and wind directions statistically occur. 

Figure 11 shows the wind speed distribution and wind rose from the area (the main Oslo airport 

located at the site up to 1998). One can see that a substantial part of the time the velocity is very 

low, in fact the wind speed is less than 1 m/s more than 40 % of the year.  

In order to calculate the yearly average recirculation rates simulations were performed for 0.5 m/s, 

2.5 m/s and 5 m/s, and for 12 wind directions for each wind speed. The yearly averages were thus 

each based on 36 simulations, weighted with the wind speed distribution at the site.  

 

 

 

Figure 11: Wind statistics from the site (Oslo Airport Fornebu). 
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Figure 12 shows calculated yearly averages of exhaust air along the roofs of the Statoil building.  

The top figure shows that with the existing jet exhaust system the estimated yearly average levels 

are approx. 0.3 to 1 %.  

The bottom part of the figure shows that non-jet vents yield average levels of 5 to 10 % 

concentration of exhaust in the air 10 meters from the exhaust vents. These levels are thus the 

average concentrations an Hea 8 certified ventilation system would experience. 

 

 

 

Figure 12: Yearly averages of exhaust concentration along roof and facades of the building. Top: 

existing jet exhaust system. Bottom: reference with low exhaust momentum. Please note 

that the colour scale here represents the sum of all 16 exhausts. 

 



 Assignment no.: 5135113 

 Document no.: 1 

BREEAM Hea 8 - The rationale for a pre-acceptance of Jet Exhaust Systems Revision: 0 

 

n:\513\51\5135113\4 resultatdokumenter\41 rapporter\rapport breeam hea 8 norconsult.docx 2015-08-14 | Page 23 of 42 

 

Figure 12 shows levels along the roofs, but the numeric value for the jet exhaust system should be 

taken as the concentration of exhaust that is actually drawn into the intakes. These numbers are 

presented in leftmost column of Table 1.  

The yearly average recirculation rates of the Jet Exhaust Systems range between 0.1 % and 0.9 %. 

Combining all 16 systems the average recirculation rate is 0.3 %. 

On the other hand, when considering the BREEAM 10 meter reference in these simulations, the 

exact value will depend on the actual location along the 10 meter radius circumference where the 

exhaust concentration is measured; whether one chooses the best or the worst location, or the 

average.  

From the definition of the criterion one can justify locating the “intake” in the worst position that still 

satisfies Hea 8. The recirculation would then be as high as 14 % or almost 50 times higher than if 

one uses a jet exhaust system. 

In comparison the average concentration 10 meters from the exhaust is 7 %, 20 times higher than 

the jet exhaust solution.  

If one is lucky enough to locate the intake in the best position 10 meters from the exhaust position, 

the level is about 2 %, 7 times higher than the jet exhaust solution. 
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Table 1: Yearly averages of exhaust air entering intakes vs. BREEAM “10 meter rule” reference 

values. Values below 1 % are coloured green, above 1 % coloured red. 

SYSTEM 
JET EXHAUST 

(EXISTING) 

BREEAM “10 METER RULE” REFERENCE                                                  

(DIFFUSE EXHAUST WITH 10 METER SEPARATION) 

  Worst location Average Best location 

A1 0.2 % 12.8 % 6.2 % 3.0 % 

A2 0.8 % 27.0 % 11.1 % 4.4 % 

A3 0.1 % 17.2 % 6.3 % 1.5 % 

B1 0.4 % 17.2 % 10.6 % 5.9 % 

B2 0.3 % 17.1 % 9.3 % 5.5 % 

B3 0.3 % 11.8 % 5.4 % 2.2 % 

C1 0.9 % 17.8 % 10.1 % 2.9 % 

C2 0.3 % 12.3 % 5.9 % 0.6 % 

C3 0.1 % 13.9 % 6.4 % 1.7 % 

D1 0.1 % 10.9 % 4.5 % 0.9 % 

D2 0.2 % 14.2 % 5.4 % 1.5 % 

D3 0.4 % 16.0 % 6.9 % 0.3 % 

E1 0.2 % 9.0 % 5.3 % 0.6 % 

E2 0.2 % 10.2 % 3.8 % 0.1 % 

E3 0.2 % 10.7 % 4.6 % 0.0 % 

E4 0.2 % 8.1 % 3.9 % 0.2 % 

Average 0.3 % 14.1 % 6.6 % 1.9 % 
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5 Physical Tests 

To illustrate the physics involved in an intuitive way, smoke visualisations were performed on the 

roof of the Norconsult headquarters using one of the existing jet exhaust systems in the building.  

During the tests, smoke was introduced into the ventilation shaft seven floors below the roof and 

thus fully mixed into the flow when exiting through the jet exhaust. The smoke was created by a 

generator producing relatively little heat. However, due to temperature differences between where 

the intake vent was located (at a partially open parking level towards the bottom of the building), 

and the roof (where the jet exhaust was located), the exhaust air had a temperature ca. 2 °C above 

ambient. 

The 800 mm diameter jet hood had an exit velocity of ca. 8 m/s during the tests, and the volume 

flow was ca. 14 000 m
3
/h. 

To mimic conditions for a low velocity vent, scaffolding was built around the jet hood and covered 

with an air-tight tarpaulin. In the front of the construction a ca. 3 m
2
 area was kept open to 

represent an exhaust vent area (window blinds were put in the area to illustrate a ventilation grille). 

The set-up is shown in Figure 13 and Figure 14. 

The tests were conducted during low winds, with a wind speed of ca. 1 m/s at ground level and of 

ca. 1 – 3 m/s at roof level. Such variations are consistent with a complex turbulent wind flow 

distorted by the building itself and the buildings in the proximity. 

The physics at hand are best understood from watching the video of the test following the report 

(and also found online [6]). Figure 15 and Figure 16 are screenshots from the video.  

In Figure 15 one clearly sees how the smoke drifts (advects and diffuses) downstream along the 

roof towards the ventilation intake which is located roughly 10 meters downwind from the exhaust 

vent.  

In Figure 16 the tarpaulin has been removed and the jet exhaust hood revealed. One clearly sees 

that the smoke is lifted from the roof and does not enter the air intake. 
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Figure 13: Scaffolding was built around the jet hood. 

 

 

Figure 14: The scaffolding was covered with a tarpaulin to create a simple non-jet exhaust vent. 
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Figure 15: Non-Jet Exhaust: the exhaust spreads along the roof and into the ventilation intake. 

 

 

 

Figure 16: Jet Exhaust: the exhaust is lifted upwards and diffuses above the ventilation intake. 

 

 

  

Ventilation intake  

(ca. 10 meters from exhaust) 

Ventilation intake  

(ca. 10 meters from exhaust) 
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6 Parametric Analysis of the Tested Buildings 

The results in Chapter 4 are for the specific exhaust solutions for the Statoil building. To try to 

generalize the influence of the parameters that govern the recirculation rates, a parametric analysis 

of all four analysed buildings is given here. 

Because not all parameters are similar, nor is the same methodology used for all buildings, some 

“best judgement” has been applied in the analysis. This is especially the case when estimating the 

yearly average recirculation levels for the two buildings were such data has not been calculated.  

A definition of the main parameters of the combined exhaust and intake systems that have been 

investigated are illustrated in Figure 17. For all the systems, the jets leave the building vertically 

from a nozzle located on a horizontal roof. Similarly, the intakes are all located in vertical walls. In 

the figure, ΔL symbolizes the minimum horizontal separation distance (L = length) and ΔH the 

minimum vertical separation distance (H = height). In addition the jet exhaust is characterized by its 

diameter
4
 Djet and the exhaust velocity Ujet.  

U10 is the wind speed and takes its notation from the fact that it is measured 10 meters above the 

ground (it is shown next to the exhaust in Figure 17 for illustration purposes only). 

 

 

Figure 17: Parameters used for comparison of jet exhaust systems. 
  

                                                      
4
 In the case of Eiganes School the jets are square shaped and the hydraulic diameter has been used.  
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Table 2: Comparison between different building parameters, estimated recirculation rates and the 

BREEAM Hea 8 "10 meter rule" reference value. 

 Djet ΔL ΔH Ujet U10 

Yearly Average 

Recirculation  

Jet 

Exhaust 

Reference 

”10 m rule” 

Asker 0.6 m ~1 m 1.1 m 13.5 m/s 2.1 m/s ~ 0 % 5 - 10 % 

Statoil 0.75 m ~1 m 0.4 m 6.4 m/s 2.2 m/s 0.3 % 0 - 27 % 

Tax 

Adm. 
0.5 - 0.65 m ~1 m > 2.5 m 8 - 13.7 m/s 2.7 m/s ~ 0 % 1 - 2 % 

Eiganes 0.85 m ~1 m 0.9 - 2.1 m 5.5 - 7 m/s 4.5 m/s 0.3 % 10 % 

 

Table 2 lists the parameters and the recirculation results from the simulations. Firstly, the BREEAM 

"10 m rule" references gave recirculation rates up to 27 % - whereas the jet exhaust systems all 

had recirculation rates well below 1 %.  

Jet diameter and horizontal separation: The tested jet systems all had diameters Djet within the 

range 0.5 to 0.85 meters. This range may be relatively limited, but is typical for most systems used 

for medium to large office buildings. The corresponding ventilation rates were from 10 000 - 36 000 

m
3
/h. All values represent anticipated minimum VAV rates. 

For all the tested jet exhausts the minimum horizontal separation ΔL was small and similar, at 

approximately 1 meter for all systems. The effect of the separation distance has in other words not 

been investigated. The systems are however of a type where horizontal spacing is not part of the 

methodology to achieve good air quality. 

Based on the limited span of the variables Djet and ΔL these are kept out of the parametric 

analysis. They do however define the validity range of the analysis.  

Wind speed: As seen in Chapter 4.2, the wind speed is decisive for the current recirculation rate at 

any time. As such the average recirculation rate is dependent on the specific wind statistics at the 

site, which at first approximation scale with the yearly average wind speed. 

The three first analyses were for sites in the Oslo region. These locations all have relatively low 

average wind speeds of between 2.2 – 2.7 m/s. The fourth site, Eiganes School, is located in 

Stavanger on the southwest coast of Norway. This is a much more wind prone region, with a 

relatively high average wind speed of 4.5 m/s.  

To separate the effect of wind speed from the other parameters, simulations of the Statoil building 

were re-run with a doubled yearly wind speed. The results are found in the right column of the table 

in Appendix E: Sensitivity Study for the Statoil Jet Exhaust Systems. 
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One can see that doubling the average wind speed increases the yearly average recirculation from 

0.3 % to 0.5 %.  

In the context of this study this difference is deemed negligible, as the recirculation levels are small 

in both cases. The wind speed is kept out of the further analysis.  

Vertical separation and jet velocity: the parameters that seem to primarily influence the tested 

systems are the vertical separation between the exhaust and the intake (ΔH) and the jet exhaust 

velocity (Ujet). 
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7 Discussion 

Based on an assumption that a 1 % recirculation rate is a reasonable threshold for for a “good air 

quality,” the following conclusions can be drawn:  

1) The BREEAM Hea 8 “10 meter rule” in most cases does not provide “good air quality,” which it 

is supposed to do. When low velocity air exhausts and air intakes are located on the same roof 

the recirculation rates will typically be of the order of 5 – 10 %, and occasionally 20 – 30 %. 

The high numbers are due to the very high recirculation rates that are found for low wind 

speeds, where the air is free to drift from the exhaust towards the intake. 

2) The jet exhaust systems tested all give less than 1 % recirculation on a yearly basis and thus 

give what we have defined as a “good air quality.” This relatively low recirculation value is due 

to the upwards jet which is very efficient in removing exhaust for low wind speeds.  

Ideally there would be significantly more data to base a parameterized study and to further analyse 

the results. However, CFD simulations are very resource demanding, and we have in this first 

instance chosen to base our analysis on the results at hand.  

Using a value of 1 % recirculation on a yearly basis as a threshold limit we can develop the 

following criteria. Please note that this limit represents a much stricter level than what is delivered 

by the “10 meter rule." 

1) The first criterion may seem obvious but should be explicitly specified nevertheless – “jet 

exhausts should point vertically upwards”. For low wind velocities the vertical jet acts as a 

pipe or stack, assuring that the exhaust is displaced upwards and away from the location of the 

air intake. From here the wind carries the exhaust away from the building. 

2) All exhaust hood systems in Table 2 satisfy the 1 % criterion. The smallest vertical separation 

is 0.4 meter for the Statoil systems. These systems should lie within the acceptance criteria of 

a pre-accepted solution and the criterion is set as “the exhaust nozzle should be located 0.4 

meter, or more, above the upper part of the air intake”. 

3) The Statoil systems use 6.5 m/s jet exhaust velocity and satisfies the 1 % criterion with such a 

good margin that it could most likely be reduced somewhat. In addition, one of the Eiganes 

School systems runs at just above 5 m/s. To test whether 5 m/s could be set as a limit, the 

Asker Panorama model was re-run with a 5 m/s jet velocity (increasing Djet from 0.6 to 1 meter 

to maintain the ventilation rate). The results are tabulated in Appendix F: Sensitivity Study for 

the Asker Panorama Jet Exhaust Systems. The recirculation rate increases somewhat for the 

few wind directions that give recirculation, but is by “best judgement” assumed to still be well 

below 1 % as yearly average.   
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8 Conclusions 

The Jet Exhaust Systems have been compared with an “Hea 8 reference level” established by 

replacing the jet nozzles by low velocity vents and moving the representative air intakes 10 meters 

away from the exhaust location.  

It is found that all the Jet Exhaust Systems yield yearly average recirculation rates of less than 1 %.  

The Hea 8 reference level is found to be typically 10 times higher. Recirculation rates when relying 

solely on the "10 meter rule" was 5 - 10 %. For one non-jet system the yearly average recirculation 

rate was found to be 27 %. 

The reason for the poor performance of non-jet exhausts is that during low winds there is no 

mechanism which removes the exhaust air away from the building and therefore away from the 

nearby air inlets. Simply shifting an air intake 10 meters away from an exhaust along a horizontal 

roof does not prevent recirculation. After leaving the vent, the exhaust air is free to advect and 

diffuse towards the air intake.  

Conversely, during low winds, a Jet Exhaust System actively lifts the exhaust upwards away from 

the building and away from the air intake.  

When wind speeds are increased the measured recirculation rates for the Hea 8 reference systems 

are significantly reduced, yet they remain for most cases higher than for the Jet Exhaust Systems. 

In any case, it is most often the low wind situations that dominate the yearly average recirculation 

rates and in this respect the Jet Exhaust Systems yield much better overall results. 

A comparison of the analysed Jet Exhaust Systems, and additional sensitivity analysis for these 

systems, suggests that a system following the specifications laid out in Figure 18 is likely to yield 

less than 1 % yearly average recirculation of exhaust air for all the investigated cases.  

This result is much better than the Hea 8 "10 meter rule" reference level, and all systems designed 

based on Figure 18 should therefore comply with Hea 8. 

Jet Exhaust Systems with jet nozzles of diameter between 0.5 meter and 1 meter meeting the 

following criteria should be pre-accepted as an Hea 8 certified solution: 

1. An upwards directed exhaust nozzle. 

2. A profile averaged jet exhaust velocity of 5 m/s or more (min velocity for VAV systems). 

3. A total of 0.4 m or more vertical separation between the jet exhaust nozzle and the upper 

part of the air intake.  
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Figure 18: Suggested pre-accepted Jet Exhaust System. 

Please note that this is not a universal limit for how such a system could be designed. It is the 

parametric extent of the current study. In many cases a lower jet exhaust velocity could be 

sufficient, especially if the vertical separation is increased. 

The formulation should however cover most Jet Exhaust Systems for normal ventilation of medium 

to large office buildings.  

 

Additional remarks:  

1. The BREEAM manual states that other pertinent regulations and design guidelines should 

also be considered. A review of the relevant references has been performed (Chapter 2), 

and no criteria in any of these are found to affect the current interpretation of Hea 8.  

2. The Norwegian technical regulation (TEK10) specifies that “air inlets and outlets shall be 

designed and located to ensure that pollution from outlets does not re-enter inlets”. A 

fundamental and strict interpretation of this could require there to be no recirculation 

whatsoever, and this is a physical impossibility as all matter recirculates somewhat in 

nature.  

In this report TEK10 is interpreted to mean that recirculation levels should be as low as 

they reasonably can be – and at a minimum, not be increased unnecessarily from what is 

common practice today. 

3. Because this study finds that the “10 meter rule” does not assure low recirculation rates, it 

should be considered whether or not this formulation is in fact in violation of TEK10, and 

therefore should be removed from the BREEAM certification requirements. As it stands 

today it may actually contribute to the design of systems with higher recirculation rates than 

is necessary. 

4. The Norwegian Green Building Council has asked for scientific documentation of the 

performance of the Jet Exhaust Systems, which is delivered in this report. It should in that 
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context be mentioned that the authors are not aware of any existing scientific 

documentation as to why the current BREEAM Hea 8 “10 meter rule” would ensure good 

air quality. 

5. Please note, this analysis only covers normal ventilation. That is, the removal of products 

from human metabolism, releases from standard interior building materials etc. 

(corresponding to the categories ETA1/EHA1 and ETA2/EHA2 in NS-EN 13779 [3]). 

The study does not cover exhaust from laboratories, industrial applications, combustion 

products, kitchen exhausts and so forth. For such exhausts, where even very low 

concentration levels could be critical to health or comfort, detailed documentation of 

ventilation solutions should still be produced for each project, e.g. through CFD 

simulations. 
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Appendix A: Asker panorama 
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Appendix B: Statoil Oslo Headquarters 



 Assignment no.: 5135113 

 Document no.: 1 

BREEAM Hea 8 - The rationale for a pre-acceptance of Jet Exhaust Systems Revision: 0 

 

n:\513\51\5135113\4 resultatdokumenter\41 rapporter\rapport breeam hea 8 norconsult.docx 2015-08-14 | Page 38 of 42 

 

Appendix C: Norwegian Tax Administration 
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Appendix D: Eiganes School 
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Appendix E: Sensitivity Study for the Statoil Jet 

Exhaust Systems 

Table F1 shows results from a sensitivity study for the Jet Exhaust Systems at the Statoil Oslo 

Headquarters.  

The leftmost column contains the names of the systems. The second column lists the results for 

the existing systems and building located at Fornebu outside of Oslo. 

The next column shows the results found if the jet exhaust velocity is doubled from 6.5 to 13 m/s, 

keeping the same ventilation rate (reducing the nozzle diameter from 0.75 meter to 0.53 meter). As 

would be expected this leads to an even lower recirculation rate.  

In the rightmost column the yearly average wind speed is doubled to 4.4 m/s, corresponding e.g. to 

a typical situation if the building had been located along the Norwegian south west coast. The 

recirculation increases somewhat, but still well below the threshold of 1 % on a yearly basis. 
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Table F1: Calculated yearly averages of concentrations of exhaust air entering intake.  

VENTILATION 

SYSTEM 

JET EXHAUST 

(EXISTING) 

JET EXHAUST                                               

(SENSITIVITY ANALYSIS)                                                   

  Increased jet velocity 

(same ventilation rate) 

Site with increased 

wind speed 

A1 0.17 % 0.05 % 0.36 % 

A2 0.76 % 0.40 % 0.65 % 

A3 0.11 % 0.06 % 0.13 % 

B1 0.38 % 0.18 % 0.86 % 

B2 0.34 % 0.16 % 0.45 % 

B3 0.27 % 0.07 % 0.61 % 

C1 0.89 % 0.45 % 0.62 % 

C2 0.26 % 0.06 % 0.71 % 

C3 0.12 % 0.05 % 0.22 % 

D1 0.12 % 0.03 % 0.36 % 

D2 0.17 % 0.06 % 0.26 % 

D3 0.42 % 0.12 % 0.57 % 

E1 0.18 % 0.06 % 0.34 % 

E2 0.16 % 0.04 % 0.52 % 

E3 0.21 % 0.04 % 0.33 % 

E4 0.20 % 0.12 % 0.44 % 

Average 0.30 % 0.12 % 0.47 % 
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Appendix F: Sensitivity Study for the Asker 

Panorama Jet Exhaust Systems 

The table shows recirculation rates with the jet exhaust velocity reduced from the original 13.5 m/s 

to 5 m/s. The ventilation rate was kept identical by increasing size of jet nozzle to Djet = 1 meter. 

The original values for a jet velocity of 13.5 m/s are shown in parenthesis as reference. 

 

Wind Direction 

Recirculation Ujet=5 m/s (Ujet = 13.5 m/s) 

U10 = 2.5 m/s U10 = 5 m/s U10 = 10 m/s 

0 0.0 % (0.0 %) 0.0 % (0.0 %) 0.0 % (0.0 %) 

30 0.0 % (0.0 %) 0.0 % (0.0 %) 0.0 % (0.0 %) 

60 0.1 % (0.0 %) 1.3 % (0.3 %) 2.2 % (0.0 %) 

90 0.0 % (0.0 %) 0.0 % (0.0 %) 0.0 % (0.0 %) 

120 0.0 % (0.0 %) 0.0 % (0.0 %) 0.0 % (0.0 %) 

150 0.0 % (0.0 %) 0.0 % (0.0 %) 0.0 % (0.0 %) 

180 0.5 % (0.0 %) 2.2 % (0.2 %) 2.1 % (0.8 %) 

210 1.1 % (0.2 %) 0.7 % (0.5 %) 0.3 % (0.2 %) 

240 0.0 % (0.0 %) 0.1 % (0.0 %) 0.3 % (0.0 %) 

270 0.3 % (0.2 %) 0.1 % (0.1 %) 0.1 % (0.0 %) 

300 1.5 % (0.0 %) 0.4 % (0.1 %) 0.0 % (0.0 %) 

330 0.2 % (0.0 %) 0.0 % (0.1 %) 0.3 % (0.0 %) 

 


