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Eurovent Proposal for a simplified method for calculating the corrected
power consumption of the fans and the SFPi.: based on the OACF and EATR

In a nutshell

In this paper, Eurovent puts forward a simplified and easy to apply method for calculating the power
consumption of the fans and the SFPix corrected due to internal leakages occurring in the bidirectional
NRVUs with heat recovery (in particular with rotary heat exchangers). The method is based on OACF and
EATR factors. Eurovent members believe that the implementation of this method in the revised Regulation
1253/2014 would significantly contribute to the effective improvement in the energy efficiency of NRVUs
and IAQ.

1. Background

Original Eurovent proposal

In the previous position papers on the revision of Regulation (EU) 1253/2014, Eurovent tabled a number of
proposals for improvements in respect of internal air leakages in bidirectional NRVUs. The proposals aimed at
further reduction of energy consumption and improvement of indoor air quality.

The pivotal proposals were the following:

- set limits for the EATR and OACF values,
- if EATR > 1%, compensate air flows and correct SFPint accordingly.

A general method for compensating air flows and correcting SFPin: was proposed in the Eurovent
Recommendation 6/15 - 2020. The recommendation also presents the potential magnitude of internal leakages
in case of the incorrect AHU design.

Given the potentially high implementation costs in the AHU selection software of the complete calculation
methodology presented in Recommendation 6/15, Eurovent members developed a simplified method (without
the need of iteration). It still yields very accurate outcomes but is much easier to implement by all manufactures
and could form a common industry standard. The simplified method is explained in paragraph 6 and the related
calculation examples are presented in paragraph 7.

Task 6 proposal

The current proposal for amendments to the VU Regulation presented in the Task 6 report provides for the
EATR and OACF limits but does not introduce the need for compensating air flows and correcting SFPint. From
the ventilation system design perspective it is still assumed that gsur = qoba , which in many cases is not the case.

Eurovent welcomes the proposal for setting EATR and OACF limits which is a step in the right direction to
eliminate the worst cases from the market. However, in our opinion the lack of SPFint correction and thus of a
demonstration of the actual impact of leakages on energy consumption may hinder any significant improvement
in energy efficiency of NRVUs in the European market. Arguments supporting this position are set out in the
following paragraphs.

2. Estimation the impact of internal leakages in EU 28 countries
According to the data of the Review Study documents and Eurovent Market Intelligence statistics, 45% of all
AHUs annually placed on the EU28 marked are equipped with rotary heat exchangers which gives approximately
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40 000 units with 80 000 fans. The average air flow rate and average pressure increase are estimated
respectively to 2 m3/s and 600 Pa.

The impact of internal leakages (including recirculation of outdoor air, recirculation of exhaust air and pressure
loses that are needed to balance the installation), with assumption of the EATR equal to 3% and OACF equal to
1.08, can be estimated to 10 - 15%.

This estimate, together with statistical market data, allows the following assessment of additional power
consumption in AHUs due to internal leakages:

- Average air flow 2 mi/s

- Average pressure increase range 600 Pa

- With 60% total fan efficiency we can estimate that the total
fan power consumption with these unitsis: 2-2-600/0.6 4 kW

- Multiplied with 40 000 units 160 MW

- With average annual running time of 3000-4000 hours 480-640 GWh

- With 10%-15% of impact on power consumption due to internal leakages 16-24 MW
Additional electric energy consumption due to internal leakages: ~48-96 GWh /year

(relating to one-year sales)

3. Anticipated impact of currently proposed amendments
The TASK 6 final report puts forward the following new requirements in respect of internal air leakages:

- the maximum EATR at nominal flow and nominal pressure is 5%,
- the OACF at nominal flow and nominal pressure must be within 0.90 and 1.10,
- noimpact on the declared performance data (SFPint).

The proposed amendments mean that:

- Recirculation of outdoor air may be up to 10%,
- Recirculation of extract air may be up to 5%.

In the opinion of Eurovent members, this change will obviously improve the situation and eliminate from the
market the worst products that feature very high internal leakages rates (mainly due to adverse position of
fans). However, it will not drive the development of HRS components towards better sealing systems, as it does
not penalize any performance data of AHUs. The undesirable redundant energy consumption estimated in
Paragraph 2 will not be eliminated either.

Only the mandatory correction of SFP due to internal leakages will drive industry to seek solutions for
considerable reducing or eliminating internal leaks.

4. Arguments for the introduction of SFPi,: correction

Because of Internal leakages in NRVUs there is both recirculation of extract air and significant energy losses. The
recirculation can be avoided through design and the energy losses can be accounted for in the calculation of
absorbed power and SFP values. The numerous arguments in support of the SFPint correction are as follows:

e  High impact on SFPix of the proposed limits for OACF and EATR
As estimations presented in the paragraph 7 show, the impact on energy consumption may high and

significant.
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Feasibility of implementation

In Sweden the leakages have been included in the calculation of power consumption since the 1990s,
which shows that it is possible to do. The effect has been positive because manufactures set the EATR
to zero by including additional pressure drop where needed so recirculation is minimized. Sealing and
balancing systems have been improved with a minimum of cost.

The simplified method developed by Eurovent makes the implementation even easier.

Improved transparency of product performance and a level playing field

Many manufacturers already applied the SFPint correction or are ready to implement it at short notice.
The declared performance of products without correction is naturally better, which puts the producers
applying the correction at a competitive disadvantage. Introducing a mandatory correction would
eliminate this problem and level the playing field.

Using the correction will promote fair competition and transparency between manufacturers and
between energy recovery types.

Improvement of energy efficiency at low cost

Introduction of the SFPint correction will provide a great opportunity to improve the energy efficiency
of NRVUs at minimum cost.

Facilitating the commissioning of ventilation systems

OACF correction will reduce the difference between the values measured at the AHU commissioning
and the calculated values. A common practise is that commissioning engineers adjust the exhaust fan
to achieve the design extract air flowrate. This means that at high OACF the airflow rate and power
input of exhaust fan located downstream the exchanger will be higher than the values considered in
the conformity assessment.

Limiting the risk of airborne infections spread

With the elimination of EATR we will develop installations that are more resilient against the spread of
air borne infectious deceases with less risk of cross contamination of the supply air with aerosols
carrying infectious diseases. The Correction of EATR will drive the industry to solution where no
exhaust air leakage takes place in AHU.

Alignment with EPBD provisions

EN 16798-3 Energy performance of buildings states in section 9.8 that leakages, including the internal
leakages, shall be avoided. The standard also defines OACF and EATR.

Effects of ignoring the impact of internal leakages on NRVUs power consumption

There will be no signification leakages-related improvement in energy efficiency of NRVU in the EU
market.

Only the worst cases (EATR > 5% and 0.9<OACF>1.1) will be excluded with the proposed limitations.
If the corrected performance (power input) is not demonstrated, there will be no real impact on the
marketplace, customers will not pay any attention to the EATR and OACF figures.

The regulation would favour rotary heat exchangers over other types of energy recovery because it
considers the high thermal efficiency and lower pressure loss of the rotors but ignores the leakages
which affect rotors.

The potential for better sealing systems for rotors will go undeveloped as long as there is no incentive
to development. Inclusion of the leakages in the calculation of power consumption for a NVRU would
provide that incentive. Better sealing would reduce recirculation of air and improve the indoor air
quality.
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6. Proposal for a simplified method for calculating the power consumption of the fans
and the SFPin: based on the OACF and EATR without the need for iteration

6.1 General introduction

It is assumed that AHU manufacturers use rotors having a DLL! that is implemented with AHU selection software
and provides OACF and EATR values. The vast majority of rotary heat exchanger manufactures offer DLLs with
this functionality (including all Eurovent Certified suppliers).

The general method for calculating the corrected SFPint using OACF and EATR, which involves an iteration
process, is given in Chapter 9 and Annex 1 of the Eurovent Recommendation 6/15 — 2020.

The simplified method does not require the iteration. Instead, it introduces a correction factor to allow for the
fact that no iteration is conducted. The value of correction factor was determined based on a multi-variant AHU
calculation study with real data.

The generic explanation of the simplified calculation process could be for instance presented in the FAQ
document to the revised Regulation.

6.2 Description of the simplified method
The manufacturer must include the impact of internal leakages in the calculation of the SFPint. The manufacturer
is responsible for the design and testing of the unit construction to minimise the leakage.

The method proposed here uses the design data to calculate the EATR and OACF for the unit. For the heat
exchanger these should be provided by the DLL of the supplier of the heat exchanger. The AHU manufacturer
should have the remaining EATR and OACF for the unit from testing.

The OACF and EATR must be within limits otherwise something must be improved. That could be either the
arrangement and/or reduction of the pressure difference, which might be done by throttling if the fans are in
the appropriate position.

The four new airflows and associated component pressure drops in each of the connections to the heat
exchanger can now be calculated. The fans are then calculated using the corrected airflow rates and pressures.
This gives the corrected fan power, efficiency, fan speed, etc.

In a proper iteration process the changed flow rates will change the pressure difference at the rotor and this
leads to a further increase in the air flow rates and pressure drops. To avoid iteration a correction factor is
introduced. The corrected pressure mentioned above is multiplied by a factor to compensate.

With the corrected power it is now possible to calculate the SFP.
Simplified method — summary

- OACF and EATR shall be given by the DLL provided by the component suppliers.
- All 4 airflows are corrected using the OACF and EATR.

- Pressure drops are corrected using the corrected airflows.

- Fan performance recalculated with the new flows and pressures

I Dynamic-link library (DLL) — an internal sub-programme integrated with the AHU selection software to
calculate component (HRS, fan, etc.) performance based on the AHU selection input data. Developed and
provided by the component supplier.
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Figure 1. Corrected air flows at AHU connections

6.3 The process step by step

Calculate the pressure difference of Ap22-11 with design data
Call rotor DLL for OACF and EATR values

3. If EATRis >5% or OACF > 1.1 or OACF < 0.9 then change the arrangement of fans or take other design
measures to decrease the Ap2211 (e.g. throttling)
Repeat 2 and 3 until EATR and OACF are withing limits

5. If EATR < 1% then EATR =0% for correction, not for printout
Calculate new air flows in each of air connection of the AHU as per Eurovent recommendation document
Qsupcorr = gsup - (1+ EATR)
QeTAcorr = QeTa + Qsup - EATR
QobaAcorr = Qsupcorr + OACF
QeHAcorr = QeTAcorr + Qsupcorr - (OACF-1)

7. Calculate the new Pressure losses in the AHU including possible throttling and multiply these corrected
pressure losses by factor 1.05 to allow for the fact that no iteration is conducted.

8. Use the new air flows and pressure increases to calculate the fan data from fan DLL.

9. Calculate ErP parameters (e.g. SFPint) with corrected data.

10. Calculate other SFP values with corrected data, if applicable.

11. Use corrected pressures and fan powers in selection result data.

12. Itis advised that both the requested ventilation air flow rates and the corrected flow rates are provided so
that the unit can be correctly commissioned.

6.4 Additional clarifications and proposed amendments to the Regulation

e The throttling referred in Paragraph 6.3.3 may be performed by means of a device (e.g. damper) installed in
the AHU or in the ductwork.
For consistency in the content of the Regulation it is proposed to update the definition of ‘reference
configuration on a BVU’ as follows:

‘reference configuration of a BVU’ means a product configured with a casing, at least two fans with variable
speed or multi-speed drives, a HRS, a clean fine filter on the inlet-side, a clean medium filter on the
exhaust-side and the throttling pressure drop necessary for compliant EATR.

e  Correction factor of 1.05 indicated in Paragraph 6.3.7 refers to:
o Adjustment due to lack of iteration to calculate AHU pressure losses at corrected air flows,
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o simplified consideration of the impact of the change in external pressure losses due to corrected gooa
and Qgexa.

7. Calculation examples with the simplified method

This section provides examples of the corrected power input and SFP calculation carried out on the basis of
performance of real units. The selections are made only with functions included in the reference configuration
and at an external static pressure of 200 Pa (for the system layout refer to Figure 1). Thus, the demonstrated
increase of power input corresponds to the reference configuration. Example 1 analyses in detail the impact on
SFPint and SFPy.

Example 1 - Maximum EATR and OACF values
A ventilation unit with rotary heat exchanger operating at an air flow of 1 m3/s and external pressure of 200 Pa.

The EATR is 5% and the OACF is 1.1

Electrical power to fans in clean filter state before correction is made:

Supply: 0.76 kW

Exhaust: 0.71 kW

Clean pressure drop of the outdoor filter: 70 Pa

Clean pressure drop of the extract filter: 38 Pa

SFPy 1.47 kW/m?3/s

SFPint 835 W/m?3/s (SPFint_iimit 1078 W/m?/s)

Correction procedure:

a) Correct the supply air flow rate: gsupcorr = 1 m3/s - (1 + 0.05) = 1.05 m3/s
b) Correct the extract air flow rate: getacorr = 1 m3/s + (1 - 0.05) =1.05 m3/s
(the additional supply air flow is balanced in the extract flow)
c) Correct the outdoor air flow rate: qopacorr = 1.05 m3/s - 1.1 = 1.155 m3/s
d) Correct the exhaust air flow rate: geracorr = 1.05 m3/s +1.05 - (1.1 - 1) = 1.155 m3/s

Calculate the new pressure drop in the filters:
Outdoor air filter increases from 70 Pa to 83 Pa. Adding 5% (due to non-iterative calculation) gives 87 Pa.
Extract filter increases from 38 Pa to 41 Pa. Adding 5% gives 43 Pa.

Recalculate the fans with the new flow and pressure:
The electric power to the supply fan increases from 0.76 kW to 0.83 kW i.e. +9.2%
The electric power to the extract fan increases from 0.71 kW to 0.92 kW i.e. + 29.6%

The SFPvincreases from 1.47 to 1.75 kW/ m®/s i.e. +19 %

The SFPint increases from 835 to 1072 W/ m3/s i.e. +28 % (SPFint_limit 1078 W/m?/s)

As the example shows, including the impact of internal leakages the corrected SPFin: is very close to the limit.
Under more adverse conditions, considering internal leakages, compliance may not be met.
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Example 2 - Medium EATR and OACF values

A ventilation unit with rotary heat exchanger operating at an air flow of 1 m3/s and external pressure of 200 Pa.
The EATR is 3% and the OACF is 1.08

Electrical power to fans in clean filter state before correction is made:

Supply: 0.94 kW
Exhaust: 0.86 kW
Clean pressure drop of the outdoor filter: 70 Pa
Clean pressure drop of the extract filter: 38 Pa

Correction procedure:

e) Correct the supply air flow rate: gsupcorr = 1 m3/s - (1 +0.03) = 1.03 m?/s
f)  Correct the extract air flow rate: geracor = 1 m3/s + (1 - 0.03) =1.03 m3/s
(the additional supply air flow is balanced in the extract flow)
g) Correct the outdoor air flow rate: qopacorr = 1.03 m3/s - 1.08 = 1.11 m?/s
h) Correct the exhaust air flow rate: gevacorr = 1.03 m3/s+1.03 - (1.08 - 1) = 1.11 m3/s

Calculate the new pressure drop in the filters:
Outdoor air filter increases from 70 Pa to 79 Pa. Adding 5% (due to non-iterative calculation) gives 83 Pa.
Extract filter increases from 38 Pa to 40 Pa. Adding 5% gives 42 Pa.

Recalculate the fans with the new flow and pressure:
The electric power to the supply fan increases from 0.94 kW to 1.00 kW i.e. + 6.4%
The electric power to the extract fan increases from 0.86 kW to 1.04 kW i.e. + 20.9%

The SFPy increases from 1.80 to 2.04 kW / m3/s i.e. +13.3 %

Example 3 - low EATR and OACF values

A ventilation unit with rotary heat exchanger operating at an air flow of 1 m3/s and external pressure of 200 Pa.
The EATR is 1.5% and the OACF is 1.04

Electrical power to fans in clean filter state before correction is made:

Supply: 0.94 kW
Exhaust: 0.86 kW
Clean pressure drop of the outdoor filter: 70 Pa
Clean pressure drop of the extract filter: 38 Pa

Correction procedure:

a) Correct the supply air flow rate: gsupcorr = 1 m3/s - (1 +0.015) = 1.015 m3/s
b) Correct the extract air flow rate: geracorr = 1 m3/s + (1 - 0.015) =1.015 m3/s
(the additional supply air flow is balanced in the extract flow)
c) Correct the outdoor air flow rate: qopacorr = 1.015 m3/s - 1.04 = 1.056 m3/s
d) Correct the exhaust air flow rate: geracorr = 1.015 m3/s + 1.015 - (1.04 - 1) = 1.056 m3/s
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Calculate the new pressure drop in the filters:
Outdoor air filter increases from 70 Pa to 74 Pa. Adding 5% (due to non-iterative calculation) gives 78 Pa.
Extract filter increases from 38 Pa to 39 Pa. Adding 5% gives 41 Pa.

Recalculate the fans with the new flow and pressure:
The electric power to the supply fan increases from 0.94 kW to 0.97 kW i.e. +3.2%
The electric power to the extract fan increases from 0.86 kW to 0.95 kW i.e. + 10.5%

The SFPy increases from 1.80 to 1.92 kW/m3/s i.e. +6.7 %

Example 4 - zero EATR and low OACF + extra 50Pa throttling on extract to get EATR =0

A ventilation unit with rotary heat exchanger operating at an air flow of 1 m3/s and external pressure of 200 Pa.

The EATR is 0 % and the OACF is 1.05
in addition, extra 50 Pa throttling is applied on the extract side to reduce Ap22-11and get the EATR =0

Electrical power to fans in clean filter state before correction is made:

Supply: 0.94 kW
Exhaust: 0.86 kW
Clean pressure drop of the outdoor filter: 70 Pa
Clean pressure drop of the extract filter: 38 Pa

Correction procedure:

a) Correct the supply air flow rate: gsurcor =1 m3/s - (1 +0) = 1.0 m3/s

O

Correct the outdoor air flow rate: gopacorr = 1.0 m3/s - 1.05 = 1.05 m3/s
Correct the exhaust air flow rate: genacor = 1.0 m3/s+ 1.0 - (1.05 - 1) = 1.05 m?/s

C

o

)
) Correct the extract air flow rate: geracor = 1 m3/s + (1 - 0) =1.0 m3/s
)
)

Calculate the new pressure drop in the filters:
Outdoor air filter increases from 70 Pa to 74 Pa. Adding 5% gives 78 Pa.
Extract filter increases from 38 Pa to 38 Pa. Adding 5% gives 40 Pa.

Recalculate the fans with the new flow and pressure:
The electric power to the supply fan increases from 0.94 kW to 0.95 kW i.e. +1.1%
The electric power to the extract fan increases from 0.86 kW to 1.05 kW i.e. +22.1%

The SFPy increases from 1.80 to 2.0 kW/ m?%/s i.e. +11.1 %
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Eurovent and transparency

When assessing position papers, are you aware whom you are dealing with?

Eurovent’s structure rests upon democratic decision-making procedures between its members and their
representatives. The more than 1.000 organisations within the Eurovent network count on us to represent their
needs in a fair and transparent manner. Accordingly, we can answer policy makers’ questions regarding
our representativeness and decisions-making processes as follows:

1. Who receives which number of votes? 2. Who has the final decision-making power?

At Eurovent, the number of votes is never determined by The Eurovent Commission acts as the association’s ‘steering
organisation sizes, country sizes, or membership fee levels.  committee’. It defines the overall association roadmap,

SMEs and large multinationals receive the same number of  makes decisions on horizontal topics, and mediates in case
votes within our technical working groups: 2 votes if manufacturers cannot agree within technical working groups.
belonging to a national Member Association, 1 vote if not. In - The Commission consists of national Member Associations,
our General Assembly and Eurovent Commission (‘steering  receiving two votes per country independent from its size or
committee’), our national Member Associations receive two economic weight.

votes per country.
3. How European is the association? 4. How representative is the organisation?

More than 90 per cent of manufacturers within Eurovent Eurovent represents more than 1.000 companies of all sizes
manufacture in and come from Europe. They employ around spread widely across 20+ European countries, which are

150.000 people in Europe largely within the secondary sector. treated equally. As each country receives the same number of

Our structure as an umbrella enables us to consolidate votes, there is no ‘leading’ country. Our national Member
manufacturers' positions across the industry, ensuring a Associations ensure a wide-ranging national outreach also to
broad and credible representation. remote locations.

Check on us in the European Union Transparency Register under identification no. 89424237848-89.

We are Europe’s Industry Association for Indoor Climate (HVAC), Process Cooling, and
Food Cold Chain Technologies — thinking ‘Beyond HVACR’

Eurovent is Europe’s Industry Association for Indoor Climate (HVAC), Process Cooling, and Food Cold
Chain Technologies. Its members from throughout Europe represent more than 1.000 companies, the
majority small and medium-sized manufacturers. Based on objective and verifiable data, these
account for a combined annual turnover of more than 30bn EUR, employing around 150.000 people
within the association’s geographic area. This makes Eurovent one of the largest cross-regional
industry committees of its kind. The organisation’s activities are based on highly valued democratic
decision-making principles, ensuring a level playing field for the entire industry independent from
organisation sizes or membership fees.

Eurovent’s roots date back to 1958. Over the years, the Brussels-based organisation has become a well-
respected and known stakeholder that builds bridges between the manufacturers it represents, associations,
legislators and standardisation bodies on a national, regional and international level. While Eurovent strongly
supports energy efficient and sustainable technologies, it advocates a holistic approach that also integrates
health, life and work quality as well as safety aspects. Eurovent holds in-depth relations with partner
associations around the globe. It is a founding member of the ICARHMA network, supporter of REHVA, and
contributor to various EU and UN initiatives.
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