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European Green Deal:
Fit for 55 by 2030!

4

r I Yhe European Commission adopted a package
of proposals to make the EU’s climate, energy,
land use, transport and taxation policies fit for

reducing net greenhouse gas emissions by at least

55% by 2030, compared to 1990 levels. Achieving

these emission reductions in the next decade is crucial

to Europe becoming the world’s first climate-neutral
continent by 2050 and making the European Green

Deal (https://ec.europa.eu/info/strategy/priori-

ties-2019-2024/european-green-deal en) a reality. With

these proposals, the Commission is presenting the leg-
islative tools to deliver on the targets agreed in the

European Climate Law and fundamentally transform

our economy and society for a fair, green and prosperous

future. (see article of Jasper Vermaut, REHVA, page 63).

EU Commissioner for energy Kadri Simson said:

The revision of the Renewable Energy Directive is a key
part of today’s package, which outlines how we intend
to reduce emissions by 55% by 2030. By 2050, most
of our energy has to come from renewable sources.
Planning and building energy infrastructure takes time,
so to get to net zero by mid-century, we need an unprec-
edented transformation during this decade already.

The steady renewables evolution of recent years and
decades must become a revolution. Renewable elec-
tricity is by now the cheapest option in many places.
And often, it’s European companies and European
technology providing that green power. By pushing
our 2030 renewables target to 40%, we are not only
promoting cleaner and cheaper energy production, we
are also boosting an economic sector with remarkable
potential to create jobs, growth and trade.

Today’s proposal is looking to further accelerate the
rise of renewables, providing additional incentives for
improvement where progress is slow, such as in build-
ings or transport, but also introducing greater flexibility
in our energy system which will serve to facilitate new
technologies, such as renewable hydrogen, and the
smooth integration of offshore renewables into the grid.
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Focus on Heat Pump technology

After renovating our building stock to reduce the
heating and cooling demand applying Heat Pump
technology to heat (space and DHW) and cool our
buildings is the most logic step. For new buildings:
NZEB, zero carbon and positive energy buildings
are feasible, even in those cases the use of HP’s will
play an important role. For sure these investments
are assuming that towards 2050 our electricity grids
will be to a great extent decarbonised. This R] issue
includes several articles on Heat Pump technology,
in the first article we explain the complexity around
standards on HP technology.

A Paradigm Shift

As the COVID-19 pandemic is still on the frontpages
we also included an article with the title: A4 Paradigm
Shift, are technical systems for ventilation important
for public health? Or are they primarily designed to
create comfort for occupants? What are the objectives
and what are the means?”. Given the nature of this
article and the intention to generate a feedback and
dispute based on this article, your editor has with
some help added some footnotes to stimulate reac-
tions. In this context it is important to know that the
REHVA TRC installed a Task Force “IEQ require-
ments — input for revising EN 16798-17, illustrating
the interest of REHVA in addressing IEQ. m

JAAP HOGELING
Editor-in-Chief
REHVA Journal
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Heat pumps:
lost in standards. ..

The different EU directives and regulations
have been and are the main driver for the
development of CEN standards on Heat
Pumps, from basic product standards
towards system standards.

Keywords: EU Directives, Regulations,
Heat pump standards, CEN

Introduction

EU is pushing energy conservation and emissions
reduction with a set of directives, which already under-
went amendments and recast.

EPBD, Energy performance of Buildings Directive,
targets efficiency in buildings and related technical
systems. The objective is making any building habit-
able to a standard comfort level using the least possible
amount of non-renewable primary energy and/or
greenhouse gas emissions. Minimum requirements
and building labels are based on the actual building
description with the standard climate of the actual
location and a standard use. This directive includes
both minimum requirements and a display mode (the
EPCs) to make users aware of energy performance.

ErP and Ecolabeling directives[1] target efficiency
of products. They extend minimum requirements to
access EU market to the energy efficiency of products.
The objective is having only efficient products on the
market. Ecodesign EU regulations define what are
“efficient products” and “Ecolabeling” regulations
define how to display the efficiency level of products
so that consumers can recognise their added value.
Minimum requirements of products are based on their
behaviour in a standardised average condition of use.

The Energy Efficiency Directive, targets the total
final uses of energy of EU countries. Since comfort in
buildings and products are already subject to specific
directives, it complements with requirements to other

LAURENT SOCAL

Consultant
socal@iol.it

A7)

energy consuming sectors, such as industry, by e.g.
compulsory energy audits.

After energy use has been reduced, RES, Renewable
Energy Sources, Directive asks to cover the energy use
with renewable resources, so that we will not deplete
non-renewable sources and energy will be always avail-
able in the future.

All these directives aim to the same goal. However,
they were developed in parallel and the coordination
between them is not perfect. There are some overlaps
and the groups of people and stakeholders interested in
each directive are not the same and they do not always
coordinate optimally. Currently, there is an effort to
make them consistent to cover rationally the entire
topic of energy use in Europe.

The need for coordination is also emerging in the sup-
porting EN standards for directives EPBD and ERP.

EPBD and ErP share the same starting point, the
products, and in both cases you need a calculation based
on product properties but the approach is quite different.

ErP directive approach

The intent of ErP directive is to ban inefficient products
from the EU common market. Ecodesign sets minimum
requirements on products and Ecolabeling displays
products efficiency to encourage EU citizens to select
and buy the best performing ones. This is fine for “off

Journal - August 2021

5


mailto:socal@iol.it

6

the shelf” products, where the citizen is alone in making
the decision of which product to buy and then use.

To apply ErP directive, you have to define a method,
based on product tests and some calculations, to deter-
mine the “efficiency” of each product and label it. EU
regulations have been issued for “lots” of products:
they define the testing conditions and the calculation
method to simulate an average use of the product and
rate the product efficiency as a stand-alone item.

To have a fair rating, it shall be based on a representative
mix of operating conditions. Obviously, this shall be

the same for all products and provide one single rating
figure for the product. For the testing and/or calcula-
tion method, EU regulations may refer to “harmonised”
EN standards. In that case, the so called “annex Z”
defines how to use the harmonised EN standard for
EU regulation compliance purpose. ErP application is
strictly the same all across Europe since it’s a common
market issue and part of the CE marking.

ErP compliance is a key concern of manufacturers.
They have to achieve a minimum rating to be able to
sell the products (that’s a survival issue for them!) and
possibly a good rating to sell many products.

Table 1. Overview of CEN standards on heat pumps.
| Context |

Air conditioners, liquid chilling packages and heat pumps for space heating and cooling
and process chillers, with electrically driven compressors

Part 1: Terms and definitions

Heat pumps with electrically driven compressors - Testing, performance rating and

requirements for marking of domestic hot water units
Testing and rating of direct exchange ground coupled heat pumps with electrically
driven compressors for space heating and/or cooling -

Part 2: Water(brine)-to-direct exchange and direct exchange-to-direct exchange heat

Gas-fired sorption appliances for heating and/or cooling with a net heat input not

Part 7: Specific provisions for hybrid appliances
Gas-fired endothermic engine driven heat pumps

Energy performance of buildings - Method for calculation of system energy

Part 4-2: Space heating generation systems, heat pump systems, Module M3-8-2, M8-8-2
Air conditioners, liquid chilling packages and heat pumps, with electrically driven

compressors, for space heating and cooling, commercial and process cooling - Testing

and rating at part load conditions and calculation of seasonal performance

Heat pumps with electrically driven compressors - Testing, performance rating and
requirements for marking of domestic hot water units
Gas-fired sorption appliances for heating and/or cooling with a net heat input not

Gas-fired endothermic engine driven heat pumps

Part 5: Calculation of seasonal performances in heating and cooling mode

B Part 2: Test conditions
Part 3: Test methods
Part 4: Requirements
EN 16247
EN 15879 Part 1: Direct exchange-to-water heat pumps
draft
Basic product pumps (draft)
SEMCET exceeding 70 kW
Part 1: Terms and definitions (under review)
Part 2: Safety
SNt Part 3: Test conditions
Part 4: Test methods
Part 5: Requirements
Part 1: Terms and definitions
EN 16905 Part 2: Safety (under review)
Part 3: Test conditions
Part 4: Test methods (under review)
EPBD application EN 15346-4-2 requirements and system efficiencies
EN 14825
EN 16247
ErP (Ecodesign)
and Ecolabeling
EN 12309 exceeding 70 kW
Part 6: Calculation of seasonal performances
EN 16905
System design EN 15450

REHVA Journal - August 2021
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EPBD directive approach
The intent of EPBD directive is:

* to have only efficient new buildings, hence all new
buildings shall be NZEB;

* to push efficient renovation of existing buildings,
hence requirements when renovating envelope and/
or technical systems;

* to increase the market value of efficient buildings,
hence provide an EPC before selling and renting.

A calculation method of the “energy performance of
the building” is required. This has to take into account
the performance of the products incorporated in the
building and its technical systems in the specific oper-
ating conditions required by the building, system set
and climate. EPBD directive does not specify the
calculation method, it only requires that a number
of features are taken into account and that the actual
method enforced by the MSs be described in terms of
equivalent options of the EN overarching standards.
A full set of EN standards has been developed indeed,
to support a uniform EPBD directive application
throughout EU, i.e. to calculate the energy perfor-
mance of the building.

EPBD compliance and rating is a key concern of
building owners and building designers.

Heat pump technology

The “generation sub-system” is that part of the tech-
nical systems that uses an energy carrier delivered
from outside the building (i.e “delivered energy) to
provide the type of energy that you need inside the
building (e.g. heat, heat extraction, light). The most
obvious example is a combustion boiler that converts
the chemical energy of the delivered fuel into heat.
Likewise, a lamp is a “light generator” as well as a fan
is an “air flow rate generator”.

In the last decades the market of heating generators
for buildings has been dominated by combustion
boilers. It’s a mature product, simple, easy to use,
powerful, cheap per kW. There are other alternative
generation techniques but they are limited in avail-
ability (example: district heating), complicated to
use at building level (cogeneration, which requires
simultaneous electrical and thermal loads) or unable
to provide a full year-round service (thermal solar).
Of course, you may find exceptions but have a look
around you and you will see quite few popular
alternatives.

Heat pump technology has been always used for
cooling but now there is a strong push for its massive
use for heating, as well. Well insulated buildings
and low temperature emitters allow to overcome the
inherent limitations of this technology which are the
still high cost per kW installed, the need for a source
of free heat and the drop in efficiency when asking for
a high temperature difference between the source and

the sink (the heated object).

It’s no doubt that taking heat from a cold source where
it can be extracted for free and pumping it into the
heated fluid (or directly into the heated space) can be
a much more efficient process than obtaining the same
amount of heat by converting an equivalent amount
of chemical energy in a combustion boiler. This makes
heat pump technology a serious competitor menacing
the boiler supremacy.

“Heat pump” is a wide and complex world:

* there are several heat pumping technologies: the
most popular is gas compression cycle driven by
an electric motor (internal combustion engines are
used as well), then there is absorption, adsorption,
Peltier cells, ... even a thermocouple could be used;

* there are several types of heat sources being used:
© air, probably the most available and used but
it makes the performance of the heat pump
strongly dependent on climate conditions;

° ground, makes it less dependent on climatic
conditions but needs an extensive and expen-
sive heat exchanger (vertical bore hole or
horizontal network);

° ground water, needs pumping energy;

° surface water, only where available;

e there are several heat sinks in use
° indoor air;
© technical water, e.g. water circulating in the
system;
° domestic hot water, for domestic hot water
heaters;

* the main energy carrier can be electricity, a fuel,
waste heat...

and then the heat pump can be single stage, staged,
modulating, splitted, etc.

No surprise if it takes some time to “normalise” this
multi-faceted world.

REHVA Journal - August 2021
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Heat pump performance

The performance of a heat pump is
extremely sensitive to operating condi-
tions. A typical heat pump may have
a COP from 2 to 6 within the winter
operating range. The dependency of
efficiency on operating conditions is
typically non-linear and there are several
factors to take into account:

* source and sink temperatures: one
single degree less or more in tem-
perature difference between sink and
source means 2...3% change in effi-
ciency;

* part load operation;

* defrosting cycles, when outdoor air is
used as a source.

This makes it difficult to represent accu-
rately the whole performance map with
only few test points.

An example of the dependency of COP
and maximum power output on source
and sink temperature is given in figures
1 and 2, that refer to an air to water heat
pump. Figure 1 shows the wide range
of the COP and its dependency on both
source and sink temperature. Figure
2 shows the dependency of maximum
output power on the evaporator (source)
temperature. Recent inverter heat pumps
have limitations in output power at
high external temperature because it is
unlikely that a high power be required
in these conditions.

An example of the potential effect of
part load (at constant source and sink
temperature) is shown in Figure 3 which
shows some correction curves of full load
efficiency that are adopted in several
standards. For inverter heat pumps you
may expect some increase of the COP
with a moderate part load, up to a
maximum, and then the COP decreases
significantly with intermittent operation.
When the part load goes below 20% the
correction is quite significant. Often this
happens for low loads so it is somewhat
masked. Furthermore, a heat storage may
help reducing this issue.

REHVA Journal - August 2021
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For ON-OFF heat pumps, each start-up means that
the compressor has to pressurise again the condenser
and when stopping the pressure will be equalised and
some work done by the compressor is wasted.

For modulating and staged heat pumps, some part
load can be beneficial for the compressor efficiency.

The COP depends on the pressure difference seen by
the compressor, which in turn depend on condensation
and evaporation temperatures. Performances of heat
pumps are not displayed as condensation and evapora-
tion temperature but on air and/or water temperature.

Source temperature, for both air and water heat
pumps, is the entering temperature in the evaporator.
The evaporation temperature is lower due to the tem-
perature drop of air or water across the evaporator
(typically 5...7°C), plus the approach of the evaporator.
At low load the approach is reduced and this increases
the COP. The temperature drop of air or water is
reduced as well but this is true only if their flow rate
is maintained, which means increased relative auxiliary
energy use and noise.

When using water, the sink temperature is the leaving
water temperature. The difference with condensation
temperature is only given by the approach of the
condenser, which is usually 2...3 degrees. The effect
of part load is small here. When using air, the sink
temperature is the inlet temperature to the condenser.
To get to the condensing temperature you have to add
both the temperature increase of the heated air and
the approach of the condenser. In this case part-load
is very beneficial because both the heated air tempera-
ture increase is reduced and the approach. However,
this is really true only if the air flow rate across the
condenser is kept constant when modulating down.
To get a quieter operation, the condenser fan speed
is often reduced at low load and the increase in air
temperature may stay constant. In other words, you
may trade-off between comfort (quiet operation) and
efficiency (fan at full speed, which means draft in
the heated space). This should be taken into account
when dealing with part load efficiency of air-to-air
heat pumps.

Since part load operation is a concern, the conventional
way to express operating conditions when declaring
performance data of heat pump, such as A7W35
should be extended to include the information on
part load factor during the test, with any of following:
A7 35100, A7W 3550, A7W355L, A7W35MIN- . -

Even part load definition is tricky with heat pumps.
Since the maximum power output strongly depends
on operating conditions it should be the ratio between
actual output power and maximum output power
for the same source and sink temperature (maximum
compressor speed). Sometimes the maximum com-
pressor speed is limited electronically depending on
source and sink temperature for a number of good
reasons. In that case the apparent maximum output is
already a part load. This should be taken into account
as well.

EN Standards on heat pumps

EN 14511

The basic product standard on heat pumps is
EN 14511. It deals with electric heat pumps and it
defines the testing procedures and a set of testing

points depending on the type of source and sink. The
first published version dates back to 2004.

Product tests concern the maximum power output
(heating capacity) and COP at full load depending
on the source and sink temperature. There is no
specific testing for part load operation mentioned in

EN 14511.

EN 14825

EN 14825 is intended to support the application of
Eco-design and Ecolabeling directive. It provides a
method to calculate a “seasonal” performance (SCOP
and SEER) with an assumed operating condition. It
complements EN 14511 in defining part load test con-
ditions suitable to provide the data for the calculation

of the SCOP and SEER.

The SCOPgoy is a weighted average of the part load
COP measured for 4 operating conditions, labelled
A to D, plus an extra point G for cold climate. Then
other components of auxiliary energy (stan-by,
crankcase heating,...) are taken into account to get

SCOPNeT-

The weighting factors are given by a simulated bin
calculation assuming that the required power output
increases linearly from design power P4 at the
design outdoor temperature (Tye = -22°C, -10°C
and +2°C depending on the reference climate) to
zero at 16°C external temperature. For each bin, the
COP is determined by linear interpolation according
to external temperature between the values of COP
measured at conditions A, B, C and D and possibly
point E.

REHVA Journal - August 2021
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The test conditions are tailored for the purpose
and expressed as special variants to test conditions
defined by EN 14511 which is still the basic test
standard. If the heat pump should cycle on-off in
a given test point (single stage machines or power
request below minimum modulation), then the test
is performed indeed at the minimum capacity and
then the result is corrected by a given function with
a default correction parameter Cd. The manufac-
turer may provide a tested value of the correction
parameter.

The procedure makes sense to test and label a product.
A simple linear model is used to simulate the heating
demand and it is assumed that all conditions vary
linearly between the 4 tested points.

It shall be noted that the weighting can be somewhat
“optimised” by the manufacturer: by declaring a
bivalent temperature Tgry < Tpgs, an electric heater
is taken into account to compensate for the missing
energy in the colder bins but the part load factor in
conditions B, C and D improves and may compensate

the loss at A (or G).

It has to be noted that in the 4 (or 5) tests all the
operating conditions are varying simultaneously:
source temperature, sink temperature and required
power output. Sink temperature is kept constant
for fixed flow temperature units, which are quite
an exception.

A point of attention when reading EN 14825 is the
difference between PLR (part load ratio) and CR

(capacity ratio).

The PLR (part load ratio) is a descriptor of the load
model: it is the ratio between the load at a given
outdoor temperature and the load at design tempera-
ture. The range is 0 to 1 and the value is the same for
all heat pumps at a given test point and temperature.

The CR (capacity ratio) is a descriptor of the heat
pump loading: it is the ratio between the load at a
given outdoor temperature and the maximum capacity
of the heat pump at that given outdoor temperature. It
is not the same as PLR because the maximum capacity
of the heat pump @y;umax depends on the tempera-
ture (see Figure 5).

Then the IR (intermittency ratio) should be intro-
duced to complete the description of the behaviour
of modulating heat pumps. As the required output
power decreases, it will drop below the minimum con-
tinuous operation capacity of the heat pump. Then,
the heat pump will start to cycle ON-OFE ideally at
the minimum power. The IR should be defined as the
ratio between the load at a given outdoor temperature
and the minimum continuous operation capacity of
the heat pump at that given outdoor temperature. If
we call CRi, the value of CR, then IR = CR/CR .

For a single stage heat pump, the minimum capacity
is the same as the maximum, hence IR = CR.

For a modulating heat pump, IR = 1 (continuous
operation) until CR>CRy,;, and then IR = CR/CR iy

EN 14825:2018 fails to identify explicitly IR, which is
essential for the correct application of the degradation
coefficient to modulating heat pumps.

120%
E: A-10W35, 100% Pdes
100% e..
.o  A-7W34,88,5% Pdes
80% A
o 60% ~ A2W30, 53,8% Pdes
o} “o.
0% B ", ATW27,34,6% Pdes
c '-...
20% e D
A12W24, 15,4% Pdes
0%
-10 -5 0 5 10 15 20

Outdoor temperature [°C]

Figure 4. Diagram with test conditions for AW heat pumps.
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Figure 5. Relationship between PLR, IR and CR for a modulating heat pump.

EN 15316-4-2

EN 15316-4-2 is part of the CEN-EPB package of
standards. This package was first drafted according to
a mandate of the EU Commission in 2006 to support
the implementation of EPBD directive. The first pub-
lished version dates back to 2008.

The aim of this standard is to assess the energy per-
formance of the heat pump taking into account the
operating conditions according to the actual building
needs, technical system configuration and control
options.

For each calculation interval, which can be monthly,
hourly or bin, the other modules of the calculation
determine the required power output and flow tem-
perature. EN 15316-4-2 module has to determine:

e if the heat pump can fulfil the whole load or only
part of it;

* the required energy input, main for compressor,
auxiliary and integrated back-up.

The new draft of this standard [2] has a common
calculation frame which allows to select one of two
calculation paths depending on the type of heat pump
and the available data to take fully into account all
relevant operating conditions.

When using the so called “path A”, first the full load
COP and available output power are determined
according to EN 14511 test data (or other relevant
product data like EN 12309 and EN 16905). Then a
part load correction factor is applied to full load COP
to take into account the actual part load operation CR

in the calculation interval. The difficulty is that there
several ways available to do that, also depending on
the heat pump type. The underlying assumption is
that the correction factor or method doesn’t depend
on the sink and source temperature. Some examples
of correction factors are given in Figure 4.

The intent of the so called “path B” is to leverage test
data measured according to EN 14825. The difficulty
is that the 4 measuring points have been selected based
on an assumed linear load pattern and all influence
variables are changing from one test point to another. It
is therefore impossible to extract the influence of only
one parameter from EN 14825 data set. To overcome
this difficulty, this calculation path assumes that the II
principle efficiency [3] of the heat pump be a function
only of the required output power. This correlation is
extracted once for all from the test data according to
EN 14825. So the procedure is: calculate II principle
efficiency dependency on the required output power,
then calculate COP based on source and sink tem-
perature. One limitation is that data on the maximum
output power is available only for on-off heat pumps.
For modulating heat pumps it is assumed that the
maximum power is that at TOL. The increase in avail-
able power is not taken into account. This makes it
difficult to handle situations with multiple generators,
where one has to determine the contribution of each
one based on their capacity.

Another limitation of path B is that no specific data is
given for the domestic hot water production.

The two calculation paths coexist and there is an
ongoing discussion about their use.
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Figure 6 shows a calculated distribution of COP as a
function of outdoor temperature for a correctly sized
heat pump (continuous operation). The effect of part
load is quite visible for the higher temperatures where
the load is reduced.

However, only little energy is supplied in the range
where the part load correction factor drops dramati-
cally. Figure 7 shows the distribution of energy output
according to the part load correction factor, for the
same calculation: only 10% of the energy is supplied

COP H distribution on temperature
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Figure 6. Sample COP as a function of outdoor temperature.
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with a correction factor which is less than 0,85. So, the
main influencing factors are still the source and sink
temperatures except for badly oversized heat pumps.
This is another reason to size them tight.

To identify correctly heat pump performance, some
more product data will be required. In principle, to be
able to isolate the influence of each parameter, only one
of them should change from one test point to another
one. This is already the case for data according to
EN 14511, where source and sink temperature change
one at a time in a set of values. A series of test at several
CR for one condition of source and sink temperature
may suffice to identify the COP correction factor.

A suggestion can be to test a modulating heat pump at:

* CR= 1, this is already done according to EN 14511

* CR=0,0, this is a likely point of maximum increase
of COP for AW inverter type heat pumps and indeed
nearly half-way to minimum compressor speed.

* CR=CRy, at minimum compressor speed, so that
it is defined and then intermittency

For constant speed (ON-OFF) heat pump, part load
effect is always decreasing the efficiency. The CD
and CC equations are used in this case. It should be
noted that an appropriate storage volume may reduce
the effect of intermittent operation by limiting the
number of on off-cycles. This is not yet mentioned in
the current standards.

Domestic hot water

EN 16247 establishes test methods and calculation for
heat pump domestic hot water heaters.

Modelling is simpler here because the only variable is
outdoor temperature.

The heat pump providing heating can also be used to

heat a domestic hot water store. This requires extra
data that are not included in the standard: operation

References

as a heat pump with outdoor temperature up to 35°C
at least. An extrapolation of data from 12 to 35°C is
not likely to be very accurate. This range of outdoor
temperature should be used when a heat pump is
intended for domestic hot water use.

Absorption and combustion engine
driven heat pumps

There are two specific standards dealing with these
typologies: EN 12309 and EN 16905.

These standards were developed after EN 14511 and
EN 14825. So, they already cover all the issues of the
basic EN 14511 and EN 14825, e.g. providing test
data and a method to rate the product.

Design of heat pump systems.

EN 14150 complements EN 12828 with special pro-
visions for the design of heat pumps systems. This
standard is currently under revision.

Conclusion

Standardisation on heat pumps is far from complete.
Heat pumps are both subject to Ecodesign and a key
product for EPBD purpose.

The focus of the standardisation effort has been on ErP
in the last years, since this is an obvious top priority
for manufacturers. The focus has been on specific
products, one at a time as they were included in lots
and in a simple well defined operating condition.

EPBD supporting standards have a much wider scope.
They have to deal with any product on the field and
they have to describe all operating conditions, even the
wrong ones. Actually, it is a must because the reliable
demonstration of the potential gains with new products
or improved operating conditions is needed to support
recommendations in general and within an EPC. m

[1] DIRECTIVE 2009/125/EC of 21 October 2009, establishing a framework for the setting of ecodesign requirements
for energy-related products; COMMISSION REGULATION (EU) 2016/2281 of 30 November 2016 implementing
Directive 2009/125/EC establishing a framework for the setting of ecodesign requirements for energy-related
products, with regard to ecodesign requirements for air heating products, cooling products, high temperature

process chillers and fan coil units

[2] The enquiry of this new prEN 15316-4-2 : 2021 is expected in a few months

[3] The"ll principle efficiency” of a heat pump is the ratio between it's COP in a given operating condition and the
maximum theoretical COP with the same source and sink temperature.
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In the near future, Gas driven Absorption Heat Pumps could achieve relevant market
penetration and play an important role in reducing CO, emissions from space heating and
DHW production in existing residential buildings — where gas boiler is the leading technology
- thanks to peculiar features and margins for cost and size reduction.
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Introduction

Decarbonization of the building sector is clearly a
top priority of national and international policies on
climate change mitigation. According to the scientific
community, even if we completely stop emitting green-
house gases right now, global warming will continue
to happen for at least several more decades [1-2].
Moreover, it is not possible to immediately switch to a
zero-carbon energy system. Concerning the building
sector and heating demand, a possible long-term
strategy consists in one or a combination of the fol-
lowing measures, each one bringing its own issues:

* Green electricity and electrical heat pumps: national
electricity grids have not yet the capacity, both in
terms of power generation and distribution, to hold
the load of a fully electrified heating sector [3—4];

* Energy efficient buildings: most of the stock of existing
buildings in Europe has a high-temperature heat distri-
bution system (radiators) [5]; furthermore, the building
renovation rate is still very low: 1% on the average.

* Green or blue hydrogen replacing natural gas fuel:
a switch to a hydrogen-based energy system, which
implies H, production, storage, and distribution,
requires large investments. Moreover, hydrogen is

likely to supply the transport and the industrial
sectors with a higher priority as compared to the
building sector, making quite unlikely, in short and
medium term, a scenario dominated by hydrogen
fuelled boilers for domestic heating.

For these reasons, the Gas-driven Absorption Heat
Pump (GdAHP) is presented in this paper as an
alternative and viable heating technology that can con-
tribute to the decarbonization of the building sector
both in the medium and long term.

Potential of Gas-driven Absorption
Heat Pumps in the EU

As pointed out in [6], GAAHPs can provide consistent
CO, savings with respect to the condensing boiler and
compete with both full electrical (EHP+AEH) and
hybrid (EHP+CB) air-source electrical heat pumps.
For example, focusing on the EU average and warm
climate and considering primarily lightly renovated
buildings, where the air-source electrical heat pump
is the current replacement technology, CO, savings
(kgCO,/y) and relative variation compared to the
condensing boiler are shown in Table 1.

*Department of Energy, Politecnico di Milano, Via La Masa 34, 20156 Milano, Italy
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Considering the above results, two main considera-
tions arise.

(1) In the medium term, Gas driven Absorption Heat
Pumps (GdAHP) could play an important role in
reducing the CO, emissions for space heating and
domestic hot water production in existing build-
ings: they can replace gas boilers while exploiting
the existing gas networks and operating efficiently,
even with a high-temperature heat distribution
system (radiators) and if air sourced.

(2) In the long term, thanks to the transition of
European gas market towards bio-methane and
hydrogen (as pure gases or mixed with fossil
methane) [7-8], GAAHPs can benefit from the
decreased carbon intensity of a cleaner gaseous
fuel mix. The target of such policy is increasing
the share of renewable energy, reducing emis-
sions in the urban context, and exploiting these
energy carriers as a seasonal storage of the summer
over-production of renewable electricity, in an
increasingly likely scenario of massive deployment
of photovoltaics [9-10]. In this scenario, on the
one hand GdAHPs will maintain its competi-
tiveness in terms of CO, savings with respect to
electrical heat pump, on the other hand they make
a more efficient use of valuable and expensive gas
mixtures with respect to gas boilers.

State of the art of Absorption
technology in heating sector

Although absorption is a mature technology, its
presence in the heating sector is still marginal, with
mainly one manufacturer of ammonia-water heat
pumps on the market. Such company has proven their
feasibility and reliability by means of thousands of
installations in the commercial sector.

Reliability is a precondition for the spreading of
GdAHPs in the residential heating sector: considering
ammonia /water absorption units, the ammonia sealed

Table 1. CO, savings (kgCO,/y) and relative variation
compared to the condensing boiler for lightly renovated
buildings in EU, source: [6].

Average climate | Warm climate

EHP+AEH 1337 (-44%) 1678 (-58%)
EHP+CB 1120 (-37%) 1264 (—44%)
GdAHP 917 (-30%) 1016 (-35%)

circuit must operate with no maintenance for thou-
sands of hours per year, for at least ten years. On the
other hand, the current market of GdAHPs does not
have a suitable scale to boost their industrialization
and the resulting cost reduction.

Ammonia has been inherently a further limit to such
industrialization, as it requires steel components and
rules out most of the available products in the field of
refrigeration, which are either made of copper alloys,
or have sizes suitable for large industrial plants. As a
result, the heat exchangers of the ammonia circuit have
been so far realized in-house by the few manufacturers
engaged in the development of this technology.

To achieve a consistent market penetration and obtain
the expected impact on CO, emissions, the challenge
is to make air-source, ammonia-water, GdAHP a safe,
compact, and cost-effective product.

Small capacity Gas-driven Absorption
Heat Pump

Aiming at demonstrating the possibility of overcoming
such a challenge, a compact 8 kW-rated GAAHP pro-
totype is under development at the Department of
Energy of Politecnico di Milano.

Our project follows a specific path with the purpose
of reducing heat pump cost and dimensions without
penalising efficiency:

* Components must come from large series pro-
duction, in particular the heat exchangers. This
approach is made possible by a relatively recent
development in the manufacturing process of plate
heat exchangers (PHE), the fusion-bonding tech-
nology, which allows seamless assembly of 100%
stainless steel PHEs

* Compact dimensions of the heat pump, which
must be comparable to those of a standard domestic
condensing boiler — 500 mm wide, 400 mm deep,
850 mm high — with ammonia charge well below
2 kg. Such small dimensions, and the choice of a
configuration with indirect expansion — that is, with
a remote air to brine heat exchanger — can allow the
internal wall-hung installation of the GdAAHP in
small flats, greatly expanding its potential market.

* Variable refrigerant and ammonia-water solution
valves are used to tune the GAAHP operation to
the wide range of thermal loads and ambient con-
ditions related to heating and DHW production,
maximizing performances.
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Some pictures, showing the main components and
dimensions of the sealed circuit — which is the heart
of the prototype — are shown in Figure 1 (most of the
valves and transducers installed on the prototype are
related to the laboratory activity, and would not be
present on a commercial product).

The compactness we could achieve is due to the wide
use of PHEs and the special design of the generator
and the solution pump, which are new developments.

The prototype has been tested in an accredited labo-
ratory in compliance to standard EN 12309-6:2014
[11].

The main performance indicator resulting from the
application of the Standard is the Gas Utilization
Efficiency (GUE), which is the ratio between the effec-
tive heating capacity and the gas input, measured under
specific working conditions, defined by the EN 12309-
6:2014 and reported in Table 2 for high temperature
application and average climate. Based on the measured

values of GUE, the Seasonal Gas Utilization Efficiency
(SGUE), i.e., the weighted average value over the
heating season of the GUE can be calculated. The
measured GUE (based on the NCV) of the developed
prototype over the five test conditions is reported in

Figure 2, while the resulting SGUE is 1.58.

In the light of the reported results, some remarks can

be made about the potential benefits of our prototype
(and GdAHPs in general):

* Unlike existing GAAHPs on the market and some
condensing boilers, the developed prototype can be
partialized down to 15% of its rated power without
compromising performance, thanks to the use of
variable valves;

* Unlike compression heat pumps, performances
remain high even at large temperature lifts;

e The high SGUE shows good prospective annual
savings in terms of gas consumption and emissions
compared to gas boilers, the technology that the
GdAHPs aim to replace.

Figure 1. View of two sides of the GdAHP prototype, showing the assembly of components.
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Table 2. Test conditions for the measurement of the GUE
for the average climate and high temperature application.

Conclusions

Gas-driven Absorption Heat Pump is an alternative

Load | Heating | Tair dry
capacity

and viable heating technology that can contribute
to the decarbonization of the building sector in the
medium and long term. In principle, in the EU
average and warm climate and in lightly renovated

Tair wet
bulb

kw

100%  8.00 -10 -11 42 55 buildings, where the air-source electrical heat pump
88%  7.04 7 _8 40 52 is the current replacement technology, GAAHPs can
54% 432 5 1 33 4 provide consistent CO, savings with respect to the
T ; p po= 7 condensing boiler and compete with both full electrical

(EHP+AEH) and hybrid EHPs (EHP+CB).
15% 1.20 12 11 25 30
However, more efforts are required to make GdAHPs
safe, compact and cost-effective products, capable to
Temperature Lift [°C] occupy consistent market shares while achieving the
. 10 21 32 43 54 65 expected impact on CO, emissions.
16 The prototype under development presents some dis-
14 tinguishing features that contribute to make GAAHPs
= 12 ] viable for a large deployment in residential buildings:
g 1.0
© o8 e It uses stainless steel PHEs that can be manufactured
06 in large series;
0.4 —o—GdAHP * Its dimensions, except for the external air heat
0.2 —CB exchanger, are comparable to those of a standard
0.0 domestic condensing boiler — 500 mm wide,
0% 20% 40% 60% 80% 100%

400 mm deep, 850 mm high — and the ammonia
charge is well below 2 kg;
* Its experimental performances are quite promising,

Load ratio [%]

Figure 2. Measured values of GUE based on the
conditions reported in Table 2 as function of the
thermal lift and comparison with the corresponding

with a calculated SGUE of 1.58, thanks to the use
of variable valves that allow to optimize its operation
over a wide range of thermal loads and ambient

efficiency of a condensing boiler. conditions. m
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The content of the article is a proposal for streamlining the existing operation of a heat source
for the district heating system through a cogeneration unit and heat pumps. The existing
heat source consists of three hot water boilers burning natural gas. A cogeneration unit and
water-to-water heat pumps will be added to the existing heat source operation. The operation
of the cogeneration unit and heat pumps is designed without an external connection to the
electricity grid. Aligning the output of the cogeneration unit with the consumption of heat
pumps and their peripherals is the main goal of the design. The cogeneration unit and heat
pumps will be used to prepare hot water in an accumulative manner. The proposal is based
on real operational data for the period 2016-2018.
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Introduction on energy efficiency promote high-efficiency alterna-
The non-renewable nature of fossil fuels, climate tive systems, such as:

change, and the consequences of human activity that

result in rising levels of atmospheric CO, concentra- a) decentralized energy supply systems using energy
tion force society to consider using alternative or from renewable energy sources,

renewable energy sources [2]. One way to decarbonise b) combined heat and power generation

the heat supply in buildings by using environmen- — cogeneration,

tally friendly and high-energy-efficiency equipment ¢) district heating or cooling, especially if it uses energy
and technologies that save primary energy is through from renewable energy sources in full or in part,
existing district heating and cooling systems that d) use of environmental energy by means of heat
supply several buildings at once [6]. The European pumps, as far as it is technically, functionally and
Directives on the energy performance of buildings and economically feasible [3, 4, 5].
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Operation of the Existing Heat Source

Description of the Site

Combined heat and power through a cogeneration
unit and heat pumps will be designed for the West
housing estate located in the town of Brezno, Slovakia.
The existing hot water boiler plant is situated near the
Hron River. The proximity of a watercourse creates
preconditions for an excess of groundwater in the
surrounding subsoil — a source of low-temperature
energy. This energy will be transformed to a higher
temperature level by water-to-water heat pumps [1].
The district boiler plant is a source of heating water
and domestic hot water for 782 flats, ice arena, res-
taurant and a retirement home [7, 8].

Condition of the Boiler Plant

During heating season, there is uninterrupted 24-hour
operation. In summer, the boiler plant is in operation
from 4:00 am to 11:00 pm, i.e. 19 hours. The heat
transfer medium is hot water with the original design
temperature gradient of 90/70°C. The heat source
is represented by three hot water boilers with a total
output of 6.76 MW [1]. Figure 1 shows the interior
view of the existing boiler plant.

Energy Balance of the Heat Source

Hourly consumption of natural gas in m3 was
provided by the heat source operator for the period
0f2016-2018. Figure 2 logically shows that the largest

Figure 1. Interior view of the existing three hot water boilers [1]
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REHVA Journal - August 2021



consumption of natural gas was in the heating season
and the lowest in the summer season. The natural gas
consumption also depends on the climatic conditions
in a given period [1]. By multiplying the values of
natural gas consumption by the calorific value of the
fuel, the total amount of heat contained in the natural
gas was obtained.

Design Model for the Application of
New Devices

Operation of the New Heat Source

A cogeneration unit and heat pumps shall be installed
instead of the existing heat source — hot water boilers.
The energy source for driving the cogeneration unit
will be natural gas. The energy source for driving
the heat pumps will be the electricity produced by
the cogeneration unit. The cogeneration unit and
heat pumps will be used to prepare hot water in an
accumulative way. The storage tank will be located
behind the cogeneration unit and heat pumps and, at
a time when the demand for hot water consumption
is reduced, the heated hot water will accumulate in
it. The accumulated heat will be supplied to the grid
at the time of increased demand. The essence of the
design is ensuring a continuous operation of the equip-
ment so that it works as long as possible and with a
minimum of starts [1].

Cogeneration Unit and Heat Pumps

To determine the optimal heat output of the device,
we need to know the domestic hot water consump-
tion over 24 hours. The heat output of the device
can be determined based on the average hourly heat
demand for domestic hot water preparation in June.

Working days — Monday, Wednesday will be compared

Heat Produced in a Heat Source (kWh)

W 5.6.2017 - Monday

B 7.6.2017 - Wednesday

with a free day — Saturday. Figure 3 shows that the
domestic hot water is supplied between 4:00 am and
11:00 pm, i.e. 19 hours. On weekdays, the hot water
consumption is highest in the morning and evening.
On weekends, the hot water consumption is increased
compared to working days and it is on average the same

throughout the day [1].

The average hourly heat demand for domestic hot
water preparation in 2016 was 275 kW, in 2017 it was
280 kW, and in 2018 it was 267 kW. By comparing
the data for the period 2016 — 2018, the heat output
of the cogeneration unit and two heat pumps was set

to 270 kW [1].

The cogeneration unit and heat pumps will be located
in front of the boilers in the direction of the return
heating water flow. The heat transfer medium —
heating water has a temperature of 45°C. The aim is
to produce a heat-transfer working substance — heating
water with a temperature of 60°C. The temperature
drop in the hot water system is therefore 60/45°C,
which means that the temperature difference (A8) is
15 K. The volume flow at a heat output of 270 kW
and a temperature difference of 15 K is 15.48 m3/h.
The heat pumps operate with a primary gradient of
5/1°C — this means that a low-temperature heat source
enters the heat pumps (groundwater from wells) and
is transformed in the heat pumps to a higher tem-
perature, transferred to the secondary heating system
circuit. Return heating water with a temperature of
45°C enters the heat pump and is heated up by 10 K,
which means that the water temperature at the outlet of
the heat pump will be 55°C. This time the temperature
difference (AB) is known to be 10 K and the volume
flow (M) through both heat pumps is 15.48 m?3/h.

14 _;5 —
Time Period [hours)

M 10.6.2017 - Saturday

Figure 3. Hourly heat demand for domestic hot water preparation over 24 hours on 3 June 2017 [1]
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Schematic diagram and Determination of the
Output of the Cogeneration Unit and Heat Pumps
Figure 4 shows the schematic diagram of the cogenera-
tion unit and heat pumps in the district heating system.

The output of both heat pumps was calculated to be
180 kW. It follows from the above that the heat output
of the cogeneration unit will be 90 kW. The cogen-
eration unit works with a temperature gradient (A9)
of 20 K as standard. This means that if water with a
temperature of 55°C enters the cogeneration unit, the
cogeneration unit will heat the water to 75°C at the
outlet of the cogeneration unit. We know determine
the volume flow rate that the cogeneration unit must
take to reach 60°C at the outlet of the unit and before
entering the hot water storage tank. The volume flow
through the cogeneration unit to reach 60°C at the
outlet of the unit and before entering the hot water
storage tank is 3.87 m3/h. For better controllability of
the system, two identical two-stage water-water heat
pumps are proposed. The advantage of a two-stage heat
pump is that it has two output stages and can therefore
be operated on a single compressor with half the output.
Because the heat transfer medium cools the primary heat
transfer medium — the pumped water, it could freeze and
form icing on the heat pump evaporator, which would
be destroyed after a certain time. Therefore, a separa-
tion heat exchanger was used in the primary circuit to
ensure an intermediate circuit with antifreeze between
the pumped groundwater and the heat pump. Through
a detailed recalculation, the design of two identical heat
pumps was determined, while the heat output of one
was 89.6 kW. For the cogeneration unit together with
the heat pumps to create a set, it is necessary to harmo-
nize their thermal outputs and also electrical inputs,

as the cogeneration unit will supply electricity to the
heat pumps. The interaction between the heat pumps
and the cogeneration unit was simulated using calcula-
tion programs in cooperation with the supplier of these
devices. From the three simulations performed, the most
solution was selected, which set the heat output of the
cogeneration unit at 90 kW [1].

Hot Water Storage Tank

During the operation of the cogeneration unit and heat
pumps during the heating season, all the heat energy
produced by these devices is used to prepare domestic
hot water and to heat the heating water. In summer,
when the produced thermal energy is consumed only for
the preparation of heat, there may be an excess of heat
produced. These surpluses must be stored in a hot water
storage tank, from which they are tapped during peak
periods in the event of greater heat demand. If this excess
energy does not accumulate but flows into the system,
the temperature of the return heating water entering the
heat pumps can gradually increase, leading to overheating
of the heat pumps that may reach complete shutdown.
The volume of the storage tank was determined to be
10,000 litres by detailed calculations [1].

Discussion

The reason to apply the cogeneration unit and heat
pumps in the given operation was the fact that district
heating systems have the potential for high-efficiency
combined heat and power generation and efficient use
of environmental energy through heat pumps. These
devices can be installed separately, but as mentioned in
the article, there is also a presumption of the interac-
tion of both devices.
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Figure 4. Schematic diagram of cogeneration unit and heat pumps. [1]
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The cogeneration unit could also supply electricity to the
public electricity network, but at the time of this optimi-
zation study, there was a ban on connecting new larger
sources of electricity to the public electricity network.

The application of a cogeneration unit and heat pumps
to the existing operation of hot water gas boilers saves
fossil fuel — natural gas, the reserves of which are
gradually running out. The energy of the environment —
groundwater — is used instead. From an energy point of
view, the same or more heat energy is produced but less
fuel is consumed. As far as the economy is concerned,
saving fuel also saves money that would otherwise be
spent on buying it. Electricity is produced through a
cogeneration unit and there is no need to supply elec-
tricity to the installations from the public grid, except
in cases where there is a failure or maintenance of the
cogeneration unit. They also evaluate the annual sales
for combined heat and power generation positively.

Conclusion

To ensure energy efficiency, the original technologies
are gradually being replaced by modern equipment.
A cogeneration unit and heat pumps were used to
produce the heat needed to prepare hot water in an
accumulative way, especially in the summer. During
the heating season, the additional heat produced will
not accumulate but will be supplied to the heating
network.
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In 2010, Xylem installed High Temperature Borehole Thermal Energy Storage (HT-BTES).
The idea was to store waste heat in the summer season to be recovered for space heating
during the winter. The system worked effectively for charging the storage, but turned out
to be less effective for extraction of the stored heat. By installing a heat pump system to
support the heat extraction the BTES system now works properly both ways. This article
presents the performance and economics of such a system.

Background

Already in 2010, Xylem (formerly Flygt) in Emmaboda
commissioned a high temperature storage facility for
the recovery of waste heat. The storage was designed
for charging 3.6 GWh of waste heat in the summer
of which 2.2 GWh was estimated to be recovered for
space heating during the winter. The storage working
temperature was expected to be between +60 and
+40°C. The objective with the BTES was to replace a
significant amount of purchased district heating, see

Figure 1.

In the first years of operation, it was found that the
expected high temperature waste heat quantity was
not sufficient. Therefore, a number of measures were
taken to also capture low-grade waste heat. As an

Cooling District

tower heating
Process ; Space
cooling | Waste heat recovery heating

Heat storage
(BTES)

Figure 1. Xylem’s system for heat recovery based
on process cooling includes heat storage (BTES) for
seasonal storage of waste heat. The storage reduces

disposal of waste heat through the cooling tower for
cooling and purchased district heat for space heating.
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ventilation system, which in the process acts as a
climate cooling in this otherwise warm workplace.
The measures allowed more and more heat to be recov- c
ered both directly and for storage. In 2014, storage WL
capacity was basically reached. By this time, about ®

10 GWh had been loaded into the storage, raising the
temperature to just over 40°C. Over the next three
years, the temperature stabilized to a maximum of
45°C, despite the fact that the availability of waste
heat remained high. The reason was that a large part
of the stored heat spread sideways, which in turn led
to increased storage losses. Thus, the temperature in
the storage did not become high enough to be directly
used for space heating. As a result, only about 10% of
the stored heat was recovered the years 2015-2017.
Thus, in order for the storage to survive, a reinforced
heat extraction capacity was needed, in this case with
a heat pump system. This solution was recommended cT3
in a scientific follow-up report that studied the general

function of the plant [1].

example, a heat pump was installed for the foundry’s ‘ ‘

GT1-2

MW-2

Culvert to
main central

Design of the borehole storage

The storage consists of 140 boreholes, 150 m deep and
with a ¢/c-distance of 4 m. It is located on a flat grass
surface just outside the factory area and has a rectan-
gular shape measuring 60 x 40 m. It was constructed
during the winter of 2009-2010.

Figure 3. The design of the borehole storage with
seven sections (A-F). Each section has 20 boreholes of
which two are in series. The boreholes are connected
with OD 40 pipes, and ends up to OD 90 field manifolds
at both section ends (blue). Finally, the field manifolds
connect to larger manifolds in the storage central.

The borehole heat exchangers o
MW: monitoring wells. GT: temperature sensors

are of a coaxial type consisting of
double pipes with intermediate
insulation in lengths of 10 m.
One of the advantages of this
type of heat exchanger is that
it allows for bidirectional flow.
Thus, the highest storage tem-
perature can always be located
at the bottom of the storage.
Another advantage is that the
thermal resistance is significantly
less compared to a conventional
U-pipe. The latter option usually
has thermal resistance around
0.08 K(W/m). The resistance of
the coaxial heat exchanger was
measured at 0.02, thus four times
more efficient.

Charging Borehole heat
exchanger (BHE)

A coaxial pipe made of
PPE plasticin lengths of
10 m. Threaded OD 110
mm connections. OD
inner pipe is 40 mm and
outer pipe is 90 mm

The boreholes are divided into
seven sections (A-G) with 20
holes in each, see Figure 3.

Figure 2. System with coaxial borehole heat exchanger with dual flow function.
The flow is reversed when discharged compared to charging. Thus, the temperature
is always warmest at the bottom of the storage, which reduces heat losses and
provides the highest possible temperature at extraction of heat.
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The three inner sections are thought to have the
highest temperature and the four outer ones to act
as a buffer zone with slightly lower temperatures.
The idea behind this lay-out is to adjust the extrac-
tion temperature to fit the demand. To achieve this
function control valves are placed on the assembly
pipes in the storage central, as shown in the figure.

Heat pump system

It took a few years to get the decision through, but
in September 2018, a heat pump system was ready
for commissioning. This consists of 8 parallel con-
nected real estate heat pumps (Nibe F1345-60). The
evaporator side connects to the supply and return
pipes of the storage and the condenser side connects
to the internal heating grid, see Figure 4. The warm
temperature on the evaporator side allows the system
to deliver significantly higher capacity than the
nominal, in the current case up to 800 kW. The heat
pumps together with the direct recycling can handle
the heat demand down to about -5 degrees outside
temperature. At lower outdoor temperatures, the
external district heating enters for peak shaving.

Monitoring system

The horizontal piping system of the storage is
embedded in about 30 cm of sand, after which there
is a 40 cm thick layer of insulating foam glass, followed
by about 30 cm of topsoil. The insulating ability is
measured with temperature sensors under and above
the foam glass and in the upper part of the topsoil.
For measuring the storage temperature there are two
monitoring wells (MW), one inside and one a few
meters outside the storage. In these wells temperature
sensors are installed (GT'1-3 in Figure 3). Furthermore,
supply and return temperatures to and from each of
the sections are measured, as well as the pressure in the
two assembly pipes in the storage central.

From the main technical central, about 200 m from the
storage, the heat carrier is circulated via a culvert using
a frequency-controlled circulation pump designed for
a maximum flow of 21 £/s (3 £/s and section). Heat is
supplied or collected from the storage via a heat exchanger
(HEX) that on the secondary side is connected to Xylem’s
internal heating grid. In the system there are sensors for
instantaneous measurement of temperatures, flow and
pressure, see Figure 4. In addition, electricity consump-
tion for the heat pumps and the circulation pumps each
side of the HEX in order to calculate the system SPE
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Figure 4. Simplified flowchart for heat extraction with sensors for energy measurement (EM), system pressure (GP)
and temperatures (GT). In addition, electricity consumption is measured for heat pumps and circulation pumps.
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Operational results

The system performance is monitored in an inter-
national research project, IEA HPT Annex 52
“Long-term measurements of GSHP system performance
in commercial, institutional and multi-family build-
ings” where Xylem’s plant is one of some 40 shallow
geothermal installations and the only one associated
with an industry. Operational data is now available
after three full winter seasons with the heat pumps. As
shown in Figure 5, the accumulated heat extraction

Start of heat pumps

«S* 6?' %”&'ﬁ’gﬂ?gﬂ?'bg q'* \9@
'\9'\9'19'9-9-@-9'@'19'19

,‘_'5“"\‘."'155'-?»?'»

from the storage has drastically increased compared
to former years.

The higher withdrawal of heat in the last three years
has gradually reduced the temperature in the storage
down to approx. +25°C at the end of the heating
season. As a result, the temperature gradient between
the storage center and the boundary has decreased,
which means that the lateral heat flow has more or
less ceased, see Figure 6.
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Figure 5. The accumulated heat extraction from the storage in the last five years.
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Figure 6. Temperature development inside the storage (GT1) and just outside (GT3) in the last five years.
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The lowered average temperature of the storage, with
the target to work at 40/20°C, also entails a number of
other advantages, of which the following are tangible.

* The storage system has a significantly higher cooling
capacity during the summer, which in turn means
that more heat can be stored with reduced cooling
tower operation as a result.

* Reduced heat losses due to less lateral flow of stored heat.

* Heat pumps for the recovery of low-grade waste
heat can be operated with a lower condensation
temperature and thus higher COP.

* Reduced risks of technical problems in the storage
heat carrier loop, which means reduced potential for
circulation pump cavitation, degassing of the heat
carrier and clogging of pipes and the heat exchanger.

Economics

The investment cost of the original system was in
total approx. SEK 12.5 million, of which 30% was
received as a state contribution. The assessment was
that the investment would be repaid after 5-6 years.
It was then assumed that some 2,000 MWh/year of
purchased district heating could be replaced by stored
waste heat. That turned out not be the case. Only
1,200 MWh of recovered heat between 2014 and 2017
was far from enough. On the other hand, the storage
concept led to a strengthened utilization of low-grade
waste heat carried out during the years 2011-14. These
were in themselves profitable in that the direct heat

recovery during the winter could be doubled to about
7,000 MWh/year (2020).

A bonus is that the foundry has received climate
cooling and that the amount of purchased city water
for cooling in chilling pools has decreased significantly.
Furthermore, the operating and maintenance costs of
the cooling tower have decreased as a result of the
increased waste heat use. However, the value of these
benefits has not yet been priced.

The additional investment in the new heat pump
system to amounted to about SEK 2.5 million. During
the first three years of operation, a total of 6,500 MWh
of heat has been produced by using 1,440 MWh of
electricity for running the system. This ends up with a
seasonal performance factor (SPF) of 4.5, thus saving
around 78% of energy. The value of the savings with
the energy prices currently applicable to Xylem is
approximately SEK 3.8 million. Hence, the investment
in the new heat pump system is more than repaid after
three heating seasons.

Lessons Learned

In general, this type of BTES tends to be overesti-
mated in terms of temperature at recovery of the
stored heat. Our assessment is that a heat pump
system is needed to be able to make full use of the
storage. It is possible that a HT-BTES can work
with heat exchange alone, but the temperature when
charging must then be kept significantly higher than
that reached during discharge.

Technically, it is not a problem to constructa HT-BTES
in almost any geological formation, but the investment
cost is rather high. However, since the life span is long
(>50 years), the investment can be written off for a
long time. Since the stored waste heat is basically free,
there is great potential to create storages with a high
profitability, including the cost of helping heat pumps
when discharged.

In the Emmaboda case, the investment in coaxial
borehole heat exchangers has helped to obtain a ther-
mally favorable temperature profile in the storage.
However, this advantage has not been sufficient to
prolong a high temperature when extracting the heat.
The recommendation is therefore to use conventional
borehole heat exchangers (thermal resistant U-pipes)
in a fully closed loop to avoid various technical
problems, such as vacuum pressure and stripping of
gas. In Emmaboda, this problem has been a major
concern, especially in the early years of operation.
To our opinion it is better to accept a less efficient
borehole heat exchanger and compensate this choice
with a heat pump solution for an efficient recovery of
the stored heat. m
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Joining the forces for a clean energy transition, the partners from EU funded TRI-HP project*
have a holistic approach for providing energy to multi-family residential buildings with
high share of renewables. TRI-HP project focuses on developing affordable and efficient
trigeneration systems able to provide heating, cooling and electricity.

Keywords: heat pumps, multi-family residential buildings, ice-slurry systems, renewable

heating and cooling, supercoolers, heat exchangers, energy storage, natural refrigerants,
icephobic coatings.

TRI-HP project in a nutshell

Funded by the European Union’s Horizon 2020 * Dual-source/sink heat pump system with the possi-
Research and Innovation Programme, and coordinated bility to use ground and/or air as heat sources/sinks.
by SPF Institute of Solar Technology, TRI-HP project

(https://www.tri-hp.eu/project) is a four-year Horizon * Solar-ice system based on supercooling ice-slurry
2020 project that started in March 2019. Within the heat pump with solar energy as the main renewable
project, two main systems will be developed: heat-source.

This project has received funding from the European Union’s Horizon 2020 research and innovation programme
under grant agreement N. 814888. The sole responsibility for the content of this paper lies with the authors.

It does not necessarily reflect the opinion of the European Commission (EC). The EC is not responsible for any .y i
use that may be made of the information it contains.

* https://www.youtube.com/watch ?v=DYunHAQTNd4
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Figure 1. Dual-source/sink heat pump system with the possibility to use ground and/or air as heat sources/sinks.
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Figure 2. Solar-ice system based on supercooling ice-slurry heat pump with solar energy as the main renewable heat source.

REHVA Journal - August 2021 29



TRI-HP systems will include advanced controls,
managing electricity, heat and cool in a way that opti-
mises the performance of the system and increases its
reliability via failure self-detection. Moreover, TRI-HP
will provide the most appropriate knowledge and
technical solutions to cope with stakeholder’s needs,
building demand characteristics, local regulations and
social barriers, with an on-site renewable share of 80%,
reducing the installation cost by 10-15%.

Solar ice systems & supercoolers for
ice slurry production

Buildings can be efficiently supplied with renewable
heating and cooling using what is known as solar-ice
systems. These systems combine solar thermal collec-
tors, heat pumps and ice storage to supply the energy
needs in heating dominated regions with enough solar
irradiation, e.g. Central Europe.

Solar-ice systems use solar thermal collectors as the
only heat source for the heat pump. Solar thermal col-
lectors are also used to supply heating and domestic hot
water demands directly. As long as the sun is shining
or the ambient temperature is not too low, solar col-
lectors act as a direct heat source for the heat pump.
During cold nights or days with low solar irradiation,
when the energy from the solar collectors is insufficient
to generate enough heat for running the heat pump
directly from the solar collectors, the ice storage is
used as a temporary heat source. Turning liquid water
into ice releases a lot of thermal energy: icing 1 kg
of water provides approximately the same energy as
cooling down the same amount of water from 80°C
to 0°C. Thus, the ice storage can store solar heat with
a high volumetric storage capacity.

The solar ice-slurry system is a particular case of the
solar-ice system. The main difference between them is

Supercooled water (-3 °C)

that in the ice slurry concept, the ice storage contains
no heat exchangers, which reduces the system instal-
lation cost by 10%. Moreover, the heat exchanger
(supercooler) is always free of ice and thus has a higher
efficiency compared to ice-on-coil.

The solar ice—slurry system can be compared to ground
source heat pumps (GSHP) with the benefits of not
having to drill boreholes and thus not being restricted
by water protection laws. Moreover, there is no need
to regenerate the ground as in the case of boreholes,
even if the storage is buried in the ground since it
regenerates on a yearly base by solar energy. This
system concept is developed in the TRI-HP project
for heating-dominated climates with cooling as an
add-on feature using the ice-slurry produced in the
storage vessel.

The main technological barrier for solar ice-slurry
systems is related to supercoolers, i.e., heat exchangers
that can decrease water temperature below 0°C,
allowing the existence of water in a meta-liquid state
and suppressing the ice formation.

In the context of the TRI-HP project, efficient super-
coolers were designed and tested by SPF Institute
for Solar Technology (SPF) [1] from OST Eastern
Switzerland University of Applied Sciences [2]. For
the new supercoolers, icephobic coatings made by
the Danish Technological Institute (DTT) [3] from
Denmark and Industrielack AG (ILAG) [4] were used
and applied to heat exchangers from ALFA LAVAL
[5]. The cost of these coatings under the assumption
of 250 m? of plates surfaces coated per day is in the
range of €4 per kW nominal heat pump capacity.

The tested TRI-HP supercoolers reached super-
cooling degrees up to 4 K, which is well beyond the
2 K achieved by state-of-the-art technologies. The
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Figure 3. Schematic representation of the supercooling method used in TRI-HP for the ice-slurry production.
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average supercooling temperature was evaluated for
seven freezing cycles for different icephobic coatings.
Supercooling powers of around 6 kW were achieved
with the new heat exchangers. The new supercoolers
will be further tested by SPF together with heat
pumps during summer 2021. The aim is to assess
the full capacity range and reliability under dynamic
conditions.

New heat pumps with natural
refrigerants

The use of natural and environmentally friendly refrig-
erants with low Global Warming Potential (GWP)
such as hydrocarbons, water, ammonia and carbon
dioxide (CO,) has recently attracted much attention
as a measure to mitigate the greenhouse gas emissions
from refrigeration, air-conditioning and heat pumping
systems. In this vein, new heat pumps with natural
refrigerants (propane and carbon dioxide) are being
developed and tested in the context of the TRI-HP
project.

The Norwegian University of Science and Technology
(NTNU) [6] from Trondheim (Norway) has devel-
oped a single tri-partite gas cooler unit for a new CO,
heat pump design. This innovative heat pump design
includes three brazed plate heat exchangers developed
by ALFA LAVAL and aims to simplify the heat pump

layout and reduce the piping requirements.

Experimental investigation shows promising perfor-
mance while having a more compact design and a cost
of around €308 per kW nominal heat pump capacity.
Under the design conditions, the heat duty meets the
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requirements to provide the supply temperatures of
35°C and 70°C for space heating and domestic hot

water applications.

TECNALIA [7] from Azpeitia (Spain) has developed
a dual source heat exchanger for a new propane heat
pump design. This innovative heat pump is able to
exchange heat with geothermal brine/water or directly
with air or against both simultaneously in a smart way
without complicate control strategies and the require-
ment of secondary water loops. Under the design
conditions, the heat duty meets the requirements to
provide the supply temperatures of 35°C or 70°C for
space heating or domestic hot water applications, and

7°C for space cooling applications. More information
can be found on the TRI-HP website.

Critical review of heat pump
prototype operation

In the testing facilities of SPF Institute for Solar
Technology (SPF) the performance of the following
heat pump prototypes was tested under different
working conditions and operation modes (see Figure 1

and Figure 2):

* (R744) CO;-ice heat pump
* (R290) propane-ice heat pump
* (R290) propane-dual source heat pump

The experiments analysed in detail the effects of dif-
ferent operating parameters on the overall coefficient
of performance, heat duty, and compressor energy
consumption.

Figure 4. Experimental supercooling degrees (left) achieved in the SPF test bench using icephobic coatings applied
on flat plate heat exchangers (right).
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Figure 5. The propane-dual source heat pump test bench inside the climatic chamber of Tecnalia’s laboratory.

The CO,-ice heat pump includes a rotary compressor
coupled to an inverter, the tri-partite brazed plate gas
cooler, an evaporator, an internal heat exchanger, an
ejector, a throttling valve, and a liquid separator. The
heat pump unit is designed with a capacity of 10 kW,
8 kW, and 10 kW under only domestic hot water,
only space heating, and simultaneous domestic hot
water and space heating modes to provide the tap water
heating and space heating water up to 70°C and 35°C,
respectively. According to the results, the CO,-ice
heat pump shows good performance for high DHW
demand with large temperature differences at the gas
cooler if the inlet temperature of the gas cooler is low
(10°C to 20°C, such typical temperature level of fresh
water). In DHW mode, the COP varies between 3.6
and 4.3 for set temperatures of 55°C to 65°C.

The propane-ice heat pump prototype is designed
with a capacity of 10 kW and consists of a scroll
compressor with inverter, two plate heat exchangers
in the heat sink side (desuperheater and condenser),
an evaporator, an internal heat exchanger, and several
expansion valves. Similarly, to the CO,-ice heat pump,
the propane-ice heat pump was studied at a steady
state for only space heating operation, only domestic
hot water operation, and simultaneous domestic hot
water and space heating operation. The results indicate
that the COP for space heating temperature 30/35°C
ranges between 4.4 and 5.4. However, the COP of the
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unit for domestic hot water with a set temperature of

65°C drops to between 2.5 and 2.8.

The propane-dual source heat pump with a capacity
of 10 kW is designed and manufactured to use both
air and/or water/brine coming from geothermal bore-
holes as heat source/sink, allowing to test this unit
under heating and cooling working modes. The results
of the propane-dual source heat pump indicate a
slightly lower heat duty than the requirements under
the design conditions (70 Hz.), while the COP/EER
varies between 3.2 and 3.7, depending on the oper-
ating mode.

More information about the experiments, the methods
and results can be found on D5.5 on TRI-HP’s website:
https://www.tri-hp.eu/documents m
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[IR Informatory Note on
Air source heat pump for
space heating and cooling

Summary for policymakers

Currently, energy consumption in the building sector accounts
about 30% of total energy consumption worldwide, of which
almost half is consumed by heating, ventilation and air-
conditioning (HVAC) systems. Traditionally, both a chiller and a
boiler are used in a building for cooling and heating respectively,
and electricity is even used directly for heating in some areas,
while these technologies are neither environmentally friendly
nor energy efficient. Among the promising technologies that
can provide both heating and cooling with a single device, air-
source heat pump (ASHP) has been widely developed and used
all over the world and is playing an increasingly important role in
reducing greenhouse gas emissions.

The IR Informatory Note “Air source heat pump for space
heating and cooling” [a] aims to raise awareness that ASHP is
an energy-efficient technology which could be used for both
cooling and heating, notably more energy-efficient than direct
electric heating. At the same time, the state of the art of ASHP
technologies on how to improve the heating performance at
low ambient temperatures, how to effectively prevent frost or
defrost, and alternative refrigerants are presented to further
emphasise that ASHP can be used for different functions in
different climate. The main facts and recommendations are
summarised as follows:

+ By the year 2018, buildings accounted for 30% of global
energy consumption and 28% of global greenhouse gas
emissions [b]. About 40% of the energy consumed by
buildings was used for space heating and cooling [cl.

« ASHP is an energy-efficient technology for heating at
different ambient temperatures. The normal heating

efficiency of ASHP is three to four times higher than that

of direct electric heating. ASHP can be used in different
climates, from —25°C to +50°C, by developing technologies
such as variable frequency compressor, cascade ASHP, two-
stage compression and quasi-two-stage compression.

« The significant improvement in defrosting for ASHPs has
been achieved over the last two decades. Anti-frosting
technologies, different types of defrosting technologies, and
smart control defrosting strategies have been developed
to ensure that ASHPs operate efficiently and reliably in a
humid environment.

Global warming is motivating researchers, manufacturers
etc. to consider alternative refrigerants for ASHPs. Low GWP
refrigerants have been applied in different types of ASHPs.

Of course, there are still many challenges for the development
and application of ASHPs, such as reducing initial costs,
developing more energy-efficient and environmentally
friendly products, etc. Considering that many cooling and
heating technologies have much lower efficiency and the
quick growth of air conditioners worldwide, more favourable
policies for manufacturers and customers should be applied
all over the world.

This Informatory Note, see an extract of this note below,
provides detailed information on the principles of ASHP, the
state of the art of ASHP technologies and their application all
over the world.

The International Institute of Refrigeration (lIR) is at the
disposal of its members and governments, companies, public
and private actors, to help them achieve the United Nations'
Sustainable Development Goals.

The International Institute of Refrigeration (IIR) is an independent intergovernmental organisation.
[tis the only one in the world to gather scientific and technical knowledge in every sector of refrigeration.

Founded in 1908, it has developed a worldwide network of leading experts.

The IIR is committed to disseminating knowledge of refrigeration to improve the quality of life for all,
while respecting the environment and taking into account economic imperatives.

The IIR has resolutely stepped up its efforts to become a major global player taking action to implement
sustainable refrigeration in all its uses. This is evidenced by the report on the lIR’s 2020 actions according

to the UN Sustainable Development Goals available below.

INTERNATIONAL INSTITUTE OF REFRIGERATION

a) ThelIR Informatory Note "Air source heat pump for space heating and cooling”is accessible following this link: https://iifiirorg/en/
iir-informatory-notes (free for IR members after logging-in on the website)

b) International Energy Agency, 2019 Global status report for buildings and construction.

c) http//energy.mit.edu/news/cooling-buildings-worldwide/.
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41st lIR Informatory Note on
Refrigeration Technologies

Extract of the Informatory Note;

the full text of this Informatory Note is available here:
https://iifiir.org/en/fridoc/air-source-heat-pumps-for-space-heating-and-cooling-41-lt-sup-gt-st-lt-sup-gt-143232

Air source heat pumps for
space heating and cooling

XIANTING LI
President of lIR Section E

Introduction

Since the energy crisis in the 1970s, energy conserva-
tion has always been a hot topic for policymakers and
practitioners worldwide. Currently, energy consump-
tion in buildings accounts for about 30% of total
energy consumption [1]. Owing to the increasing
demand for improved thermal comfort in the building
environment, the energy use of heating, ventilation
and air conditioning (HVAC) systems accounts for
almost half of the energy consumption of buildings.
Therefore, it is important to increase the energy
efficiency of HVAC systems in order to meet energy
saving and low carbon emission targets.

Traditionally, both a chiller and a boiler are used in a
building for cooling and heating, respectively. However,
boilers, such as coal-fired and gas-fired boilers, are not
environmentally friendly because of the emissions of
greenhouse gases and particles during combustion. The
electric boiler, or direct electric heating, is not energy-
efficient due to low primary energy efficiency. Thus, as
one of the promising technologies for efficient heating
and cooling with a single device, the heat pump has

Journal - August 2021

BAOLONG WANG
Secretary of IIR Section E

been widely developed and used all over the world.
Depending on the type of heat source/sink, the heat
pump can generally be classified as an air-source heat
pump (ASHP), ground-source heat pump (GSHP),
water-source heat pump (WSHP), etc.

Contrary to WSHP and GSHP, ASHP takes/rejects
heat from/into the ambient air, which is cheap and can
be implemented anywhere. Therefore, ASHP plays an
increasingly important role in cases where both heating
and cooling are required. In recent years, many efforts
have been devoted to extending the application of
reversible ASHP in the heating and cooling of buildings.

This Informatory Note provides detailed information
about the principles of ASHD, the state of the art of
ASHP technologies and their applications all over the
world. Since the research on ASHP cooling has been
well developed in recent years, the current challenge
comes from heating. Therefore, this Informatory Note
focuses mainly on new developments in the field of
heating, and some technologies are also applicable
to cooling.


https://iifiir.org/en/fridoc/air-source-heat-pumps-for-space-heating-and-cooling-41-lt-sup-gt-st-lt-sup-gt-143232

Applications

As a promising technology for space cooling and
heating, ASHP has been applied in various commer-
cial and residential buildings worldwide. Over the
past decades, the radiator has been used as the main
terminal for space heating, resulting in high supply
water temperatures. However, in recent years, the
increasing use of fan coil and floor heating has led to
a decrease in the temperature of supply water. This
has contributed to an increase in ASHP applications
in recent years. Besides, another reason for the increase
in ASHP applications is the growing demand for both
cooling and heating equipment.

According to statistics by International Energy Agency
[2], the global stock of air conditioning (including
room air conditioner, VRF system, packaged window
units, etc.) reached about 1.5 billion units in 2016
(Figure 1). Among all types of air-conditioning
systems, room air conditioners and VRF systems
account for the majority, as shown in Figure 2(a). In
addition, the stock in China and the United States
accounts for more than half of total sales (Figure 2(b)).
Other countries with more than 20 million units
include Japan, Korea, Brazil and India.
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Figure 1. Global air conditioner stock, 1990-2050 (million units).[2]
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Figure 2. Global air conditioner stock, 1990-2050.[2]
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The application of multi-split VRF system has devel-
oped rapidly all over the world since its creation in
1982 in Japan. The multi-split VRF system reached
the European market in 1987, the Chinese market at
the end of the 1990s, and the American market after
2000, successively [3]. In 2018, the annual sale volume
of multi-split VRF systems in Japan reached 146,000
units (Figure 3(a)) [4]. In China, VRF systems have
for many years maintained the highest share and
growth rate among the central air-conditioning
market, which is used in about half of medium-sized
commercial buildings and one third of large commer-
cial buildings [5]. According to statistics, VRF sales
volume in China in 2018 reached about 1 million
units, which accounts for 58.8% of the world market
(Figure 3(b)). Moreover, such a huge sales volume in
the Chinese market has promoted the development of
VREFs in European and American markets.

In order to combat air pollution from traditional
boilers, low-temperature ASHPs have been widely
used in cold regions around the world, including
northern Europe, northern China and Canada. In
recent years, northern Chinese provincial administra-
tions have launched programmes to accelerate the
phase-out of coal in rural domestic heating [6], which
has led to the booming development of low-temper-
ature ASHP. Among the main alternative options,
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direct expansion heat pumps designed for heating in
very cold regions have experienced rapid growth in
recent years. In addition, novel heating equipment
such as ASHP air heaters [7] are widely applied in
northern China. In 2017, the output value of ASHP
used for space heating in China reached RMB 5.6
billion (USD 850 million) [8]. Low-temperature
ASHPs with quasi two-stage or two-stage compres-
sion have been widely applied in northern China,
even in areas with ambient temperatures as low as

-35°C.

IIR recommendations

Heat pump can play an important role in decreasing
the energy consumption of buildings and in meeting
global targets for energy savings and low carbon
emissions. Because it extracts heat directly from the
ambient air or rejects it into the air, the convenient
air source heat pump is the most widely used type of
heat pump, and is expected to become an essential
part of the green heating objective.

Although ASHPs have been investigated and imple-
mented for decades, their total installed capacity
worldwide is still much lower than that of direct
burning of fossil fuels and direct heating with elec-
tricity. Many measures still need to be taken to
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Figure 3. Market sales of the multi-split VRF system in Japan and China.[2]
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accelerate the use of ASHPs in buildings. The main

conclusions and recommendations are as follows:

Over a year (2018), buildings account for 30%
of global energy consumption and 28% of global
greenhouse gas emissions. About 40% of the energy
consumed by buildings is used for space heating
and cooling. ASHPs can play an important role in
reducing greenhouse gas emissions.

ASHP is an energy-efficient technology that allows
heating at different ambient temperatures. The
normal heating efficiency of ASHP is 3 to 4 times
higher than that of direct electric heating. ASHPs
can be used in different climates, from -25°C to
+50°C, by developing technologies such as variable
frequency compressor, cascade ASHP, two-stage
compression and quasi two-stage compression.
ASHPs with higher energy efficiency should be
continuously developed, adapted to local ambient
conditions and the economic situation. Interna-
tional communication and cooperation should be
encouraged.

The actual performance in the field is the most
important factor to consider in order to reduce real
energy consumption, as it is generally lower than the
performance under nominal conditions. Developing
field-adaptive intelligent controls is necessary.
Further efforts should be made to raise awareness
among decision-makers and the public about the
benefits of air-source heat pumps. m
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European heat pump market

Despite a challenging market environment,
European heat pump sales grew by +7.4%
in 2020. 1.62 million units were sold across
Europe, a number that marks a new record
hight.

ssuming a life expectancy of approx. 20 years,

the current European heat pump stock

mounts to 14.86 million units (see Figure 1).

13.2 million of these units are heating heat pumps.

Putting this into the perspective of between 115 and

120 million residential buildings in Europe, the heat

pump market share in the building stock is about 11%
13,2/115.

Heat pump market growth is mainly influenced by
three trends:

1. From a technology perspective today’s heat pumps
can cover a wide temperature range. They can
operate at outdoor temperature levels of down
to -25°C and increasingly often they provide hot
water at 65°C in an efficient manner. That enables
their deployment in a much larger share of build-
ings than a decade ago. Hybrid systems enable heat
pumps even in completely unrenovated parts of the
renovation segment. Considering the industrial
and large thermal capacity segment, heat pumps
cannot provide 50 MW and more, if installed in
cascades and can provide up to 160°C. 200°C heat
pumps are under development.

2. The need to accelerate the energy transition also in
the heating and cooling sector moves heat pumps
to the centre of attention of policy makers. Legisla-
tion passed in the past 8 years is now transposed
in all member states and it starts to show impact.
Building standards limit maximum heat demand
per square meter, mandate the integration of
renewable energy and favour smart buildings. This
is often substantiated by institutional and financial
subsidies that make market development easier.

3. Continuously larger and growing sales numbers
result in lower cost. Economies of scale are
materialising on the component and the product
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level. The fast decline of the production cost of
PV systems also influences the heating market:
using self-produced electricity in combination
with a heat pump system provides a very low-cost
energy source for buildings. Additional benefits
like demand response services provided to the
grid (which could become a business model and
provide an income for their providers) are on the
horizon, but have not yet materialised.

These developments contribute to the development of
Europe’s heat pump markets.

2005 446 037 1.15 million
2006 509 794 1.66 million
2007 589118 2.24 million
2008 804 457 3.05 million
2009 734 282 3.77 million
2010 800 388 4.57 million
2011 808 591 5.37 million
2012 750 436 6.11 million
2013 769 879 6.87 million
2014 792 621 7.64 million
2015 892 809 8.52 million
2016 999 682 9.49 million
2017 1.12 million 10.58 million
2018 1.27 million 11.81 million
2019 1.51 million 13.29 million
2020 1.62 million 14.86 million

Figure 1. Development of heat pump
sales and stock, EU-21.



Most markets experienced substantial growth. The
strongest relative gains were achieved in Poland (+43.8%),
Germany (+37.2%), and the Netherlands (+30.5%).
Declines are notable only in Norway, with -12.6%
fewer heat pumps sold in 2020. For Estonia, Ireland
and Belgium 2020 market figures are not yet available.
Until they are reported, last years’ sales numbers are used.

The development of sales especially against the
backdrop of the COVID-19 pandemic indicates an
on-going strong market expansion for the heat pump
industry in Europe.

87% of the European market volume was sold in only
ten countries. The five biggest European heat pump
markets in 2020 were France (394 129 units sold;
-0.7% growth vs. 2020), Italy (232 834; +12.2%),
Germany (140 390; +37.2%), Spain (127 856;
-0.2%), and Sweden (107 723; +4.4%). The biggest
absolute gains were achieved in Germany (38 040),
Italy (25 324), Poland (18 504), the Netherlands
(13 475) and Denmark (5 117). In relative terms,
seven markets showed substantial increases above 10%.

The Nordic countries show the biggest market pen-
etration for heat pumps in the building stock and
experience also significant shares of the technology
in the renovation sector. In sum. Sweden. Norwav.
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Denmark and Finland grew by 677 units. The decrease
in Norway (-13 233) is offset by gains in Denmark
(5117), Sweden (4 701) and Finland (4 093). However,
it should be noted that figures for the Swedish market
do not include the growth in air-air heat pumps. Thus,
the Swedish market does look better in reality than
what data indicates.

While Norway’s market is maturing today, its develop-
ment history reveals a significant growth perspective
for Europe. If all countries had the same market
penetration as Norway, annual heater sales would
be dominated by heat pumps. Consequentially, this
would go in parallel with a significant decarbonisation
of the heating sector.

In 2020, heat pumps with a thermal capacity
of 14.24 GW were installed producing approx.
27.11 TWh of useful energy and integrating
16.92 TWh of renewables in heating and cooling while
avoiding 4.31 Mt of CO,-equivalent emissions.

In order to produce the 2020 sales volume and to
maintain the installed stock, a total of 89 784 FTE of
employment were necessary. Obviously real employ-
ment related to the heat pump market is larger, as not
all employees work full-time on heat pumps only.

15 '16 '17 '18 '19 '20

Figure 2. Sales development by type (“H-"indicates primary heating function).
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For policymakers, this is good news as it shows a
huge untapped potential to reduce Europe’s energy
demand for heating, cooling and hot water production.
However, achieving it by 2030 would require an annual
15% growth rate and a tremendous effort with regards
to framework conditions, efficiency requirements for
buildings, upskilling of installer* and planner/architect
qualification as well as the introduction of flanking
measures.

In aggregated terms, nearly 14.86 million heat pump
units were installed since 1996. This amounts to an
installed thermal capacity of 128.7 GW. All installed
heat pumps produce 252.6 TWh of useful energy,
160.2 TWh of which being renewable. Their use saved
204.8 TWh of final and 93.11 TWh of primary energy.

Figure 3 shows the split of renewable energy produc-
tion from heat pumps on a country level. France is
the country that produces the most renewable energy,
followed by Sweden, Germany and Italy.

Emission savings from stock

The heat pump stock in 2020 (heat pumps sold in the
past twenty years) contributed 41.07 Mt of greenhouse
gas emission savings (see Figure 4). The distribution of
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emission savings per country is very similar to that of
renewable energy production, since both calculations
are directly linked to the number of units installed
and the related reduction in demand for fossil energy.
However even the 14.4% growth achieved in 2020 is
not more than a step in the right direction. The current
growth rate of heat pump markets across Europe is
insufficient to decarbonise heating and cooling by
2050. It needs brave governmental decision makers
to address the elephant in the room: a distorted price
mechanism that favours the use of fossil fuels and fossil

fuel technology.

Instead of making the polluter pay for emissions by
adding related cost to the price for fossil energy, most
governments still support their use — directly or indi-
rectly — and leave the cost of environmental damage
of fossil fuel for society to pay. Latest figures show that
6.5% of the global GDP or $ 5.4 trn are spent for fossil
energy subsidies. A perceived cheap way of heating is
actually paid for via other budgets, namely by health
and environmental protection services.

The heat pump industry reiterates its call on decision
makers in the European Commission and the Member
States to address this issue. Heating and cooling indus-
tries need to decarbonise over the next 30 years. This
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Figure 3. Renewable thermal energy provided per country, by type, 2020 (in TWh); “H-"indicates primary heating function.
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Figure 4. Greenhouse-gas emission savings based on sales 2020, per country (in Mt);"H-"indicates primary heating function.

is a tremendous challenge that needs to be started as business as usual will not be enough to unearth the
soon as possible. The benefits of heat pumps make technology’s potential, instead significant government
this technology a prime candidate for a central role in intervention is necessary to shape the sustainable energy
a sustainable European energy system. Clearly, today’s supply in all Member States of the European Union. m
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VRF indoor units’ airflow limit:
A step further for guaranteed performances
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In the context of the continuous development of the Variable Refrigerant Flow
(VRF) certification programme, a review of the tested VRF units for the 2019
certification campaign showed many units with a very high airflow rate. Despite
the firm certification and surveillance rules of the program, this showed that
some units potentially used inflated airflow rate to increase the performances.
To avoid this kind of certification rules circumvention, the certification
committee decided to apply a limit of 275 m3/h/kW on the airflow of
each indoor unit. This decision is based on scientific studies concerning
the performances required of HVAC systems to ensure dehumidification and

comfort requirement.
Literature review

The international standards in the HVAC industry
are permanently changing and adding new measures
to improve the comfort conditions in air-conditioned
buildings. This results in a set of limits to the design
parameters of a VRF systems such as Sensible Heat Ratio
(SHR), Bypass Factor (BF), Air Flow rate (AF), etc.

The comfort conditions of HVAC systems are widely
studied in the literature, specifically the humidity
conditions. A recent ASHRAE research project investi-
gated the dehumidification level of several commercial
buildings (including offices, schools, restaurants, and
retail stores). The sensible heat ratios were calculated
for any hour in a year when the air conditioning system
was ON and the building’s occupancy was greater than
zero. The study results by fixing the SHR limit to
SHR < 0.82 at 100% load and SHR < 0.85 at 75%.

The coil Bypass Factor has been also calculated by
ASHRAE [1] under Air-conditioning and Refrigeration
Institute (ARI) conditions and has been set to an
approximate range of 0.049 <BF< 0.080.
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While usually a set of parameters is fixed including
the airflow rate of the unit to determine the design
supply temperature of the unit, some studies showed
that the airflow rate must also be monitored since it
has a direct effect of the dehumidification and hence
thermal comfort cannot be reached even in an ideal
design supply temperature of the unit. Murphy [2]
tested the dehumidification level in a classroom under
different weather scenarios. The base of the study is to
fix the airflow rate of the cooling unit and calculating
the supply temperature. The results show that with
an air flow rate as high as 400 m3/h/kW the relative
humidity of the classroom will be higher than 67%,
either in peak dew point condition or during cool,
rainy-day conditions which means the comfort cannot
be reached in the classroom even with a set temperature
of 23.3°C. This is because contrary to popular belief,
high indoor humidity levels can be an issue in nearly
all geographic locations, not just in areas where hot,
and humid conditions prevail. Whenever high relative
humidity levels exist at or near a cold, porous surface,
moisture adsorption increases and moisture-related
problems (such as increased health risks from mould



growth and premature replacement of equipment and
furnishings) become likely. Finally, there are ways
to improve the dehumidification performance like
reducing the airflow which results in a lower supply air
temperature for a given load condition, and therefore,
more moisture is removed from the air.

Mustafa [3] specifically investigated the effect of the
airflow rate on the humidification parameters. The
results show that above a defined airflow, the humidity
level increases with increasing the airflow rate.

Finally, a study on different airflow rate scenarios
to maintain the indoor test conditions of 27°C DB
and 19°C WB showed that the airflow rate should
not exceed 247 m3/h/kW in ideal heat exchanger
conditions (BF=0) [4]. This air flow rate is suitable
for considering thermal comfort with the current test
method.

However, considering that the realistic BF of current
heat exchangers is closer to 0.1 than to 0, an airflow
rate of 275 m3/h/kW is more representative of the
dehumidification condition.

Eurovent Certification Committee
decision

As a result of the scientific studies and following
numerous programme committee meetings, it was
decided that the airflow at standard air condition
defined in the standard EN 14511-3:2018 shall not

exceed 275 m3/h/kw for both cassette and ducted VRF
indoor units. The limit shall apply in cooling and
heating mode and only for units above 12 kW. This
new rule is effective since March 2021 which made a
great impact on the unit ranges in the 2021 catalogues
of several manufacturers. For some manufacturers, it
is represented by the appearance of new ranges of
products and the stop of the production of previous
indoor unit versions. For others, the performances of
the same unit on the 2021 catalogue are decreased to
that of 2020. For all cases, 2021 has marked a new era
of guaranteed certified performances. m
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Can we still trust in EN 442?

New Operating Definitions for Radiators

Part 1 was published in REHVA Journal 2021-01:

https://www.rehva.eu/rehva-journal/chapter/can-we-still-trust-in-en-442-new-operating-definitions-for-radiators-part-1-measurements-and-simulations-1

R. GRITZKI C. FELSMANN M. ROSLER
TU Dresden TU Dresden TU Dresden
Abstract

In Part 1 it has been shown, that under EN 442
standard conditions the heat outputs of the simulated
radiators were in all cases in very good accordance to
the design data in the data sheets.

However, it also became apparent that in case of
radiator type 22, for all supply temperature levels
and already in the range of typical mass flow rates
simulations such as measurements show higher heat
outputs (up to approx. 10%) than calculated by the
exponential approach according to EN 442-2.

On the other hand, the simulated heat output of
radiator types without additional convection plates are
for a wide range of flow rates in good accordance to the
heat output values based on the exponential calcula-
tion approach using the logarithmic over-temperature
(again called “exponential approach” in the following).
Only at very low mass flow rates the actual heat output
is lower compared to the exponential approach. This is
also in accordance with the theory found in the litera-
ture. For typical fields of application, the exponential
approach fits very well.

A. GRITZKI M. IIVONEN J.NAUMANN
BAUA, formerly Purmo Group GWT-TUD, Dresden
TU Dresden

Symbols

k  heat transfer coefficient, W/(m? K)

K,, radiator model constant, -

ATy, AT, over-temperature (logarithmic or arithmetic), K
m  mass flow rate, kg/h

Q  heatoutput, W

®  heatoutput (EN 442-2), W

Tin supply temperature, °C

Toue return temperature, °C

T, room air temperature (control point), °C
¢y,  specific heat capacity, ] / (kg K)

AT difference supply - return temperature, K

Indices

N nominal point / design point

ar arithmetic

In logarithmic

50 design point (at 50 K over-temperature, EN 442-2)
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Detailed investigations bring forth that, if convection
plates are present the external heat transfer coeffi-
cients decrease with increasing mass flow rates and
thus decreasing temperature spreads. In this case,
the vertical temperature distribution of the water
within the radiator is different from that of the radiator
surface and is therefore no longer representative for
the external heat transfer. The stronger cool down of
the lower parts of the convection plates leads in total
to a lower external heat transfer than in case of big
temperature spreads.

For this case the application of an extended calculation
approach, based on EN 442-2, is introduced to take
into account the vertical temperature distribution of
the radiator surface. For the examined radiator models
with convection plates this calculation approach leads
to a significantly improved agreement of the calculated
heat outputs with the data based on the numerical
simulations.

Introduction

From Part 1 [1] we have learned that the EN 442-2 [2]
approach used to adjust the heat output of radiators
to specific temperature conditions lead to some devia-
tion of about 10% compared to both real and virtual
radiator performance test results. It has been shown
that this uncertainty of the conventional exponential
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2500 ——=e—— heat outp. - exponential approachH 25()
- heat output {arithm. overtemp.)
= 4 mass flow rate - simulation y
I i <
= 2000 200 E)
c [ ] £
S 1500k o
3 1500f 150
*:—,‘ B i
e | 8
g 1000 100 @
= i E o
b S
500 50
N e e .

0 L
0 10 20 30 40 50
difference supply - return temp. in K

approach is somehow related to radiators with convec-
tion plates (type 22) and mainly occurs in case of low
mass flow rates, see Figure 1.

In Figure 1 the heating power of two panel radiators
with convection plates gained in high performing
virtual experiments and the corresponding mass
flow rates are displayed as a function of the differ-
ence between supply and return temperature (the
temperature spread). The heat output under standard-
ized reference conditions (75-65-20) is highlighted.
In addition, the diagrams also show the heat output
of the radiators at different operating temperature.
The adjustment of heating power was done by the
EN 442 exponential approach either by using the
logarithmic over-temperature AT}, or the arithmetic
over-temperature AT,,. Logarithmic over temperature
is more accurate for heating power prediction but as
already discussed lead to some uncertainty as well.

Looking at these results the question arises, what the
mismatch causes. First assumption is, that it could
be a result of the inhomogeneity of the tempera-
ture distributions (see the temperature stratification
graphs in Part 1) at the entire radiator surface caused
by large temperature spreads. Detailed additional
investigations (based on the same logarithmic over-
temperature and greatly varying temperature spreads)
showed that indeed there is a difference in the vertical
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Figure 1. Simulated (green) and catalogue heat output data based on exponential approach (red/gray)
at constant supply temp. of 75°C and changed mass flow rates, panel radiators with convection plates,
type 22 - left: 1.0 m length, right: 1.4 m length.
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temperature distribution of the different radiator parts,
see Figure 2. The diagrams show the surface tempera-
tures that have been averaged along small horizontal
slices for the entire radiator and for the radiator com-
ponents (water, radiator shell, convection plates). The
radiator surface consists of the radiator metal itself and
the convection plates.

In case of the large temperature spread (Figure 2b)
caused by low mass flow rate, the temperature gradient
above the radiator height is quite similar in all parts
of the radiator (water, radiator metal and convection
plates; the radiator surface reported is a combination
of metal and convection plates). So, the averaged
radiator temperature follows the water temperature
and the vertical temperature distribution of the water
is representative for the external heat transfer. So, it
is obvious that once the logarithmic over temperature
is calculated just based on supply and return water
temperatures the radiator surface temperature can be
concluded without knowing the exact temperature
distribution.

Unfortunately, there is a slightly different situation
in the case of small temperature spread (Figure 2a)
caused by a high water mass flow rate. The temperature
of the convection plates drops much faster from the
upper part of the radiator to the lower part than the
temperature of the water. Subsequently the vertical
temperature distribution of the water is different from
that in the whole radiator surface. Keep in mind, that
the logarithmic over temperature in EN 442 calculated

80

just from the water temperature entering and leaving
the radiator cannot account for these phenomena!

Beside we can argue with heat transfer theory that
the external heat transfer coefficients of the radiator
decrease if the vertical stratification of temperature
becomes lower due to high mass flow rates. Considering
this, two effects caused by low mass flow and thus large
temperature spreads have been isolated:

1. The logarithmic over temperature is not rep-
resenting the temperature distribution on the
radiator’s heat emitting surface including convec-
tion plates.

2. The less stratified vertical temperature profile on
the radiator surface in case of high mass flow rates
has a limiting impact on the heat transfer coef-
ficient. Heat transfer mechanism is accelerated if
there is a significant temperature stratification.

It has to be mentioned that EN 442 standardized
testing conditions are characterized by a low tem-
perature spread of 75°C — 65°C=10 K, i.e. radiator
model parameter K,, and n are estimated for a more
unfavourable operation in terms of heat transfer.

To also ensure, as a next step, that the exponential
approach based on the logarithmic over-temperature is
valid for arbitrary mass flow rates (provided that load-
dependent radiator model parameters are known),
some additional investigations with constant mass flow
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Figure 2. Averaged temperatures based on horizontal slices for different mass flow rates
but the same logarithmic over-temperature of 38,2 °C, panel radiator with convection plates,
type 22, 1.0 m length - left (a): 256 kg/h, right (b): 28 kg/h.
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rates and varying supply temperatures were done. As
an example of this Figure 3 shows the heat output
data based on the exponential approach (K,, and n
always adapted to the respective mass flow) as well as
based on the simulations for the panel radiator type
22 (1.4 m) and for two different base mass flow rates.
The results clearly show that the adapted exponential
approach for all supply temperatures is in very good
accordance to the simulated heat output. This also
confirms the findings in the literature [3].

Radiators without convection plates
(panel and tubular radiators)

In Figure 4 and in Figure 6 the heat output data and
the mass flow rates of the other four radiators without
convection plates in dependence on the difference
between the supply and the return temperature are
displayed for the simulations as well as for the cata-
logue data based on the logarithmic over-temperature
(and based on AT,,). It is obvious that catalogue data
(i.e. the exponential approach) and the simulations fit
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Figure 3. Simulated (green) and heat output data based on exponential approach (orange)
at constant mass flow rate and different supply temperatures, panel radiator with convection plates,
type 22, 1.4 m — mass flow rate left: 250 kg/h, right: 15 kg/h.
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Figure 4. Simulated (green) and catalogue heat output data based on exponential approach (red/gray) at constant
supply temperature of 75°C and changed mass flow rates, panel radiators — left type 20, right type 10.
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much better and that in these cases the differences are
much smaller. Only at very low mass flow rates the
simulated heat output values are slightly lower than
the values based on the exponential approach.

The detailed investigations based on the same
logarithmic over-temperature and greatly varying tem-
perature spreads showed in this case that the vertical
temperature distribution of the water and the entire
radiator surface are practically identical, see Figure 5.
That means, the vertical temperature distribution of
the water is representative for the external heat transfer

and in both cases the same values of km and n can be
used to predict the heat output.

As radiator surface temperature distribution clearly
depends also on the presence of convection plates. The
results support the presumption that radiator surface
temperature distribution and its impact on heat transfer
has to be taken into account when looking for a more
accurate calculation approach (rather than that already
published in EN 442-2), valid also for large temperature
differences between supply and return temperature.
A new approach is introduced in the next section.
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Figure 5. Averaged temperatures based on horizontal slices for different mass flow rates
but the same logarithmic over-temperature of 38,2 °C, panel radiator with convection plates,
type 20, 1.0 m length - left: 256 kg/h, right: 28 kg/h.
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Extended approach according to
EN 442-2 - Theory and Results

In the previous sections we have explained that the
presence of convection plates disturbs the relation
between water temperature and surface temperature
of the radiator which is one of the basic assumptions
for the application of the exponential approach. That
means, the original problem occurs, if panel radiators
with convection plates are handled as “normal” radia-
tors ignoring the phenomena of heat transfer within
the convection plates.

In this section an extended calculation approach for
determining the heat output of radiators according to
EN 442-2 is presented. The approach is again based
on the logarithmic over-temperature ATy, but is taking
into account the new insights derived from numerical
simulations of the two radiators with convection plates
(type 22). It should be noted that this approach does
not solve the original problem, it only circumvents it in
order to apply the existing procedure as far as possible.

The theoretical approach for determining the heat
transfer coefficient as a function of temperature condi-
tions based on a given nominal point N (design point),
described among others by Knabe [4] is

k < ATy, >p @ ATy @
kN ATln,N CDN ATln

with p = 0.25...0.4 for radiators. Based on this correla-
tion one can determine the heat output of radiators at
other operation points by equation

1
AT, \P*
b =9, 5
N (ATm,N> ©)

and based on the specifications of the EN 442-2
(constant mass flow, design temperatures of
75-65-20°C, which means 50 K (AT, = 49.83 K)

over-temperature) it reads

b = Km,50 ' ATlnn with

Ps

Km50=_0n and Tl=1+p (6)
! ATin,50

Since in the simulations as well as in the measurements
both K, and n depend on the temperature spread (which
increases with decreasing mass flow rates), it seems rea-
sonable to apply a further correction factor F to the
approach according to EN 442-2 which considers both
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the impact of the temperature spread on the vertical
temperature distribution of the radiator surface as well
as the non-representative over-temperature calculated
just on the water temperature on the external heat
transfer. Therefore equation (6) is extended by a factor
based on a ratio of the actual temperature spread AT =
T;, - T,. and the spread at the design point ATs and
an radiator model specific exponent g:

® =F Kpso AT,™  with

-ngq

AT \4 AT

F = (_) . (i)
ATso ATin,50

In this approach, which was originally derived on the
basis of mass flow ratios, the heat transfer changes
only as a function of the radiator temperatures (but
we should keep in mind, that in fact effective radiator
temperatures are a result of supply water temperature
and water mass flow rate). For the two investigated
radiators with convection plates (one type, different
lengths) the determined values of q are 0.0357 (1.0 m
length) and 0.0486 (1.4 m length).

(7)
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Figure 7. Simulated (green) and catalogue heat output data based on the extended exponential approach (red)
at constant supply temperature of 75°C and changed mass flow rates, panel radiators with convection plates,
type 22 - left: 1.0 m length, right: 1.4 m.
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Figure 9. Simulated (green) and catalogue heat output data based on the extended exponential approach (red)
at constant supply temperature of 90°C and changed mass flow rates, panel radiators with convection plates,
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In Figure 7 to Figure 9 the heat output values and the
mass flow rates of these two radiator models in depend-
ence on the difference between the supply and the
return temperature are displayed for the simulations
as well as for the catalogue data based on the extended
calculation approach. The consideration of the mass
flow induced temperature distribution at the radiator
leads to a significant improvement at low mass flow
rates and large temperature differences between inlet
and outlet. This applies to all temperature levels and
both radiator lengths. The relative deviations when
using the extended approach for calculating the heat
output are in the range of +1%. Only at very small
mass flows below 10% of the design, deviations can

be up to +4%.

Remaining deviations between simulation and cal-
culation are due to inaccuracies of the logarithmic
over-temperature, simplifications of the CFD simu-
lation and the neglect of the (weak) temperature
dependence of the exponents n and q.

For the extended calculation approach, both exponents
n and q can be assumed to be approximately constant
for a radiator type, independent of the flow and tem-
perature conditions.

As might be expected, for deviating radiator lengths
a relation to determine the exponent g may be
found. In the case of the present radiator type, the
exponents changed proportionally to the radiator
length or the design heat output (“¢g1.0m” = 0.0357;
“ql.4m” = 0.0486):

ql4dm=(1.4m/1.0m)-ql.0m

To determine the exponent q und thus the additional
factor F, only an additional data set (based on one
measurement) with significant deviation from the
design mass flow (for example 30 % of the design
mass flow rate) is appropriate.

Summary

The investigations showed that the EN 442 approach
is reliable for a wide range of flow rates to predict
the heat output of a radiator with no additional con-
vection plates. Only at very low mass flow rates and
thus large temperature drop the exponential approach
shows some weakness. Nevertheless, for typical fields
of application the exponential approach fits very well,
it seems that additional corrections are not necessary.
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If convection plates are present, the EN 442 predicts
lower higher heat outputs (up to approx. 10%) than
either measured by Rettig ICC or virtually tested. This
applies to all supply temperature levels already in the
range of typical mass flow rates. Detailed investiga-
tions showed that the external heat transfer coefficients
decrease with decreasing temperature stratification on
the radiator surface. Stratification is high for low mass
flow rates. In this case the temperature distribution of
the water within the radiator is different from that of
the radiator surface and is therefore no longer repre-
sentative for the external heat transfer. In other words,
the ratio of the vertical temperature distribution of
water and radiator surface is different for different mass
flow rates and therefore the radiator model parameters
are different as well.

In case of radiators with convection plates, the
application of an extended calculation approach to
take into account the mass flow-induced change in
the external heat transfer coefficient leads to a sig-
nificantly improved consistency and reliability of the
calculated heat outputs. The findings and the suit-
ability of the extended approach should be checked
for further radiator models (larger height/length, towel
radiators) and connection types as well as the way of
determining the additional exponent q in order to
ensure their generality. From the practical point of
view, it has to be decided if uncertainties of the recent
approach justify any effort for improvements. Anyway,
the TU Dresden virtual test cabin for radiator testing
according to EN 442 is very helpful to analyse heat
transfer phenomena at radiators. m
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A Paradigm Shift?
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Are technical systems for ventilation
important for public health? Or are they
primarily designed to create thermal
and olfactory comfort for occupants?
Or wellbeing? What are the objectives
and what are the means in our quest for
a better indoor environment? Have risk
assessments, thoughts, expectations and
health prevention during the last 50 years
among researchers, industry and authorities
been well-founded? In any case, we are now
facing a new time and new way of thinking.

Indoor air and health

Contaminated indoor air can pose major health risks.
This leads globally, according to the WHO, to a short-
ened life expectancy for more than three million people
every year.[1] However, such serious risks are mainly
associated with cooking indoors over open fireplaces.
They are not primarily associated with inadequate
ventilation. The problem in this case, is the design of
the fireplaces and chimneys.

Public health should prioritize the obvious health risks,
as well as the risks that can be easily remedied. The
risks in kitchens associated with cooking and com-
bustion are good examples. In Europe, the risks are
significantly lower than the one mentioned above. But
frying food without a good exhaust hood undoubtedly
involves some risk.

Fireplaces, gas stoves, candles, especially scented
candles, and other combustion activities can produce
unpleasant and toxic air pollutants. Frequent and long
indoor exposures from chain-smoking people is not
risk-free. The use of cleaning products with unclear
chemical content and other chemicals always requires
caution. The warning texts should be heeded. Those

Preface from editor:

Given the nature of this article and the intention to generate
a feedback and dispute based on this article the RJ editor has
with some help added some footnotes to stimulate reactions.
The REHVA TRC installed recently a TF “IEQ requirements —
inputfor revising EN 16798-1", illustrating the interest of REHVA
in addressing IEQ.

Paradigm shifts in science

Thomas Kuhn, American philosopher of science,
published The Structure of Scientific Revolutions in
1962. His statements are today more relevant than
ever. Kuhn introduced the term paradigm shift and
he made claims concerning the progress of scien-
tific knowledge: 1. Scientific fields undergo periodic
“paradigm shifts” rather than solely progressing in
a linear and continuous way. 2. The paradigm shifts
opens new approaches to understand what scien-
tists not considered valid before. 3. The notion of
“a scientific truth”, at any given moment, cannot be
founded solely by objective criteria, but is defined by
a consensus of a scientific community. 4. Paradigms
are often incommensurable, they present competing
and contradictory versions of reality. 5. With a para-
digm shift, new terminology is often created, which
contributes to incommensurability.

Kuhns conclusion was that our knowledge never can
rely on ”objectivity” alone. Science must account for
subjective perspectives.

Open fireplaces for cooking are a major smoke
problem and a serious health risk in many countries.
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who live close to industrial areas or next to a busy street
should consider strategies for when window ventilation
should take place, depending also on weather and wind.

For the residents, caution and good judgment is essen-
tial. It can be difficult to do more. One option for the
anxious one may be to buy an effective air purifier.

The kind of risks that are mentioned should be paid
more attention. At the same time, critical questions
should be asked about many of the health and dis-
comfort risks that have been highlighted since the
1980s. Are there discomfort risks that have been
far too dramatized in an unfortunate interaction
between politicians, media, researchers, authorities,
and anxious people?

Science or belief?

I wish my confidence in the research on “ventilation
y

and health” in recent decades had been higher.

» REHVA Journal observation #1: Countries like Sweden
have done fantastic research over the last 50 years
or so (just google Jan Sundell, Britta Berglund, Carl
Gustav Bornehag, etc.). Also, other countries have
been quite active in IA research (e.g. USA, Canada,
Japan, China, Korea, Singapore, Australia, France,
Germany, Denmark, Norway, Finland, ..) The
research community is there (see e.g. www.isiag.
org). More research needed? Yes, but the problem
is: 1. Lack of serious funding to conduct real large
indoor air studies, 2.too little focus on transmis-
sion of infectious diseases via the air amongst A
researchers, 3. Authorities that don't listen to what
the indoor air community has to say....

But now there are reports from a new European
research program, which started in 2010. The task
was to elucidate the issues concerning “ventilation and
health”. I hope their results will increase the knowl-
edge. More on that later. First, an example of the new
thinking of our time. In the REHVA Journal 2-2021,
Pawel Wargocki writes:

“There are many beliefs regarding ventilation, and
many are only partly true. Among the few, it is assumed
that more ventilation will always improve indoor air
quality, that low ventilation rate always means poor air
quality, that it is simple to measure ventilation, that
ventilation can be used as a metric predicting human
responses, that outdoor air and air supplied indoors are
clean, that ventilation systems are clean”
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Tobacco smoke has been a major comfort problem
in indoor environments and above all a big health
risk for the smoker. It is possibly the most disturbing
and unhealthy indoor air pollution we have voluntarily
been exposed to in modern times. It is now difficult to
understand that smoking was generally accepted in
indoor environments from the 1930s until around 2005.
The picture shows the Swedish Prime Minister lighting
his pipe at a press conference in 1973.

He further writes that buildings need ventilation that is

“reliable, flexible and well-functioning, adaptable,

and responsive to different needs and unusual events”.

I agree with him. I believe also that we must abandon
outdated ideas and find new relevant criteria for
building ventilation. This requires, as he writes, ‘ouz-

of-the-box thinking”.

The thinking since the 1980s that has long charac-
terized the view of “ventilation and health” and have
guided research, industry and authorities. It should
have been abandoned long ago. I have stated this in
many articles since the late 1990s.

Modern ventilation

Ventilation systems in modern buildings usually have
a technology and design that shows they are primarily
designed and built with a focus on creating comfort.
The notion that our ventilation systems would be of
great importance for health is well established. This is
the case in industrial environments, but in offices and
schools the function is primarily to avoid olfactory and
thermal discomfort.

Now we seem to be facing a radical paradigm shift.
Some health risks have been greatly exaggerated by the
ventilation industry, authorities, and media with the
support of outdated research. Fortunately, “ventilation
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http://www.isiaq.org
http://www.isiaq.org

and health” is now being brought to the attention of
a new generation of researchers. An example is the
Healthvent project that started in 2010. They approach
the issue in a clear, wise, and balanced way. The focus
seems good, and there are still important and principal
questions to investigate and answer.

The Healthvent project

The new research changes the relationship between air
quality and ventilation (air supply rate). So far, ventila-
tion industry and authorities have had a strong focus
on high air change rates.

» REHVA Journal observation #2: At the same time
many authorities focussed on Energy Performance
which caused a reduction of air change.

This doctrine has prescribed that with a certain
minimum air change rate, all requirements for air
quality will be met. But the Healthvent project seems
to abandon this idea. Instead, the factual guality of the
air (an exposure level) is presented as the central issue.

» REHVA Journal observation #3: In  this context it
would make sense to focus more on performance
requirements (e.g. in the form of maximum pollu-
tion levels that are allowed) than on means.

They pay attention to measurable air pollutants
listed in WHO guidelines. Details need to be dis-
cussed further. But it is a wise step forward, towards
rationality.

The Healthvent project emphasizes the importance of
source control and proposes a relatively low require-
ment for a “base ventilation rate”. This is 4 €/s per
person (equivalent to about 1 600 ppm CO,).

» REHVA Journal observation #4: Not sure if this under-
standing of base ventilation is correct, see how it
was reported in EN 16798-1, tables B6-B14, “The
HealthVent group also concluded that increasing
outdoor air supply rates in non-industrial environ-
ments improves perceived air quality; that outdoor
air supply rates below 25 I/s per person increase the
risk of SBS symptoms, increase short-term sick leave,
and decrease productivity among occupants of
office buildings; and that ventilation rates above 0.5
air changes per hour (h—1) in homes reduce infesta-
tion of house dust mites in Nordic countries.

The level was chosen to achieve a safety margin in
accordance with current knowledge. This level: “will
ensure no elevated risks for health due to exposure to
human bioeffluents when all other pollutants meet the
guideline values”.
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Particles PM2.5 are now known as a measurable air pollutant that poses a health risk to humans. The maps shows
that the outdoor air content has clearly decreased. Source EEA 2016.
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But it is said that the level: “should be revised if more
evidence on the effects of human bioeffluents become
available, whether up or down”. Perhaps research will
soon provide confirmation of what I see as proven
experience — that bioeffluents are a comfort risk — not

a health risk.[2]

Nowadays, we are well aware of the fact that viruses
and other infectious agents are a significant indoor
health risk. Different infectious agents have different
strategies, which need to be studied further. The confu-
sion surrounding ventilation and the Covid-19 shows
that the Healthvent project also has a major task here.
But it is important that such research is conducted
without preconceived notions.[3]

Objectives and means

In the preface to Wargocki’s article in REHVA Journal
2-2021, five “incompletely resolved questions con-
cerning ventilation” are listed. As I see it, they can-not
yet be answered. What is required first is the agree-
ment on what should be considered as objectives — and
what to be means for achieving them. This must be
clarified much better. The ventilation industry and
authorities has too seldom made difference between
objectives and means.

» REHVA Journal observation #5: Correct performance
based requirements (max values for PMx, CO,,
TVOC...) should be the basis for our designs.
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Since the 1980s, modern technical systems have been
considered necessary for health. Ventilation and air
change rates have been perceived as objectives. Measured
“statutory air change rate” has been considered the
measure of good “air quality”.

This is unreasonable and must be reversed. The objec-
tives should reasonably be air quality, health, well-being
and comfort. Examples of means are source control, ven-
tilation (air change), air purification and air cleaning.
This is obvious to anyone who is active in the industry.
Yet still too few, almost none, have reflected upon it.
Even “purchased energy”, such as electricity, heating
and cooling, are means, whose use must be limited with
efficient systems, correct ventilation, temperature and
operating times as well as utilization of the thermal
dynamics of the building and the technical systems.

The benefits for “office work performance” and “school
learning performance” is often presented as an objec-
tive for ventilation, but the causality is still unclear
and requires more research.

The objectives, air quality, health, comfort and well-
being, can be difficult to formulate and define.
However, technical systems for ventilation are easy
to plan, design, install, control and measure. We are
easily seduced by the visible and the measurable. But
the concepts of health, well-being and comforr are
complex and elusive. There are established defini-
tions - but they are debatable.[4] And the concept of
‘air quality” has been particularly difficult to define.

Photo by Andrew Neel on Unsplash



What is “air quality”?

Large air change rates can sometimes provide thermal
comfort. The ventilation industry and authorities have
long argued that it is also important for health. Of
course, this is the case in polluted environments, for
example in industry. Not necessarily in schools and
offices.

The term “air quality” has been used since 1967 for
outdoor air. Later also for indoor environments, but
still without an established definition. The term has
been used in several different ways. The air quality
criterion has been based on, for example:

* to achieve a minimum (outdoor) air change in a
room (now common in Sweden),

* to measure selected air pollutants for which a
maximum guideline value has been specified (WHO
Guidelines referred by the Healthvent project),

* people’s subjective perception of the quality of air
(suggested by PO. Fanger).

Air in ordinary buildings is in constant motion. It
penetrates the windward wall, leaves from the leeward.
Heating creates thermals. People move and breathe - the
air swirls. Doors and windows are opened and closed. The
sun affects.The Danish artist Vilhelm Hammershgi studied
airmovements with great interest. 1990 he painted “Dust
Motes Dancing in Sunbeams”. Can “unventilated” spaces
be created despite all this? If so, it has probably limited
practical significance for health risks.

The concept of air quality has therefore to me remained
vague and unclear and is often met with scepticism.
In this text it is used in this traditional sense with the
hope of better future terminology. Both meteorologists
and indoor researchers nowadays often prefer to use its
opposite, the more specific “air pollution”.

Where do we stand now?

Harsh criticism can and should be directed towards
older research and current guidelines, advice, and rules.
I have presented these opinions previously in Swedish
journals. This article is part of an ongoing discussion. I
welcome critical comments to my interpretations and
preliminary conclusions. Based on future objections,
I will be happy to clarify and develop the reasoning
further — and adjust if necessary. Our knowledge
grows through constant critical review and necessary
reconsideration.

» REHVA Journal observation #6: Yes we guess that
one of your points is that we should develop new
models and new standards that are more perfor-
mance based, that try to find a good balance
between energy use (related to ventilation) and
health/comfort on the other side, that address also
the risk for transmission of infectious diseases via
the air etc?

Now it is time for the ventilation industry and authori-
ties to begin the work to develop well-founded and
useful guidelines based on proven experience and the
science of our time. B
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Fit for 55 package
— an action plan that fits perfectly with
Daikin’s renewable heating operations

A greener Europe is one step closer. After having developed a strategy for a more sustainable
Europe through the Green Deal, the European Union launches its implementation through
the “Fit for 55” package. As one of the world’s largest CO, markets, the EU’s ‘Fit for 55’
package aims to set the EU on course to slash greenhouse gas emissions by 55% by 2030
and try to hit net zero emissions by 2050.

has committed to becoming a carbon-neutral help decarbonize the heating sector. The “Fit for 55
ompany globally by 2050, not only supports package” is completely in line with this guide and shares
this package, it has also anticipated it through the the same objective: to make Europe greener, practically.

g s the market leader in heat pumps, Daikin, who disclosure of a 4 steps guide to make it successful and

4 STEPS TO DECARBONIZING
RESIDENTIAL HEAT

L‘ Strengthennew 5 | Increase the 3 | End fossil fuel i' Make renewable heating
build rules replacement rate incentives the standard in replacement

2020 2030 2050
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What is Fit for 55?

Announced on July 14 2021, “Fit for 55” is the
European Commission’s ambitious plan to put the
decarbonization strategy into practice and set the EU
on course to slash greenhouse gas emissions by 55% by
2030.The directive maintains that a policy targeting
higher energy efficiency and a switch from fossil-based
heat supply to renewable sources is imperative.

Wide-ranging in scope, the Green Deal encompasses
renewables, energy efficiency first, energy performance
of buildings, land use, energy taxation, effort sharing
and emissions trading. Heat pump technology will
be instrumental in decarbonizing European homes
as a viable option for new buildings and a replace-
ment for fossil fuel boilers. To meet the new Green
Geal’s objectives, Daikin has unveiled a 4-step guide
to decarbonize homes and help ensure Europeans are
trailblazers in climate action.

Patrick Crombez, General
Manager Heating and Renewables
at Daikin: “We welcome this “Fit
for 55 package” with great enthu-
siasm. It allows the vision of the
Green Deal to be clearly put into
practice. With this breakthrough,
Daikin sees its mission to make
heat pumps accessible to all house-

holds strengthened.”

A perfect match

Fit for 55’s four objectives for the heat pump market
and the 4 steps guide are logically interconnected. The
package’s objective 3, which aims to guide citizens to
efficient and renewable heating and cooling solutions
for their buildings, is a direct continuation of the first
step of the Daikin Guide which commits to enhanced
new build rules on energy use. Moreover, increasing
the “replacement rate” that is so important for the
heating sector to be able to achieve decarbonization
targets is also reflected in the Fit for 55 -package. The
first objectives of the package tend towards incentiv-
izing fossil fuel switching and encourage technologies
that are both efficient and renewable and thus unlock
the full potential of heat pump technologies.

Finally, the last steps of Daikin’s guide correspond to
the last objectives of the European package: ending
fossil fuel incentives by reviewing energy pricing which
will also help to make renewable heating standard in
replacement. “The match between our 4-step guide

and the new European package is perfect. This shows
that beyond commitments and fine words, Daikin
is fighting on the ground every day to improve the
quality of life of its citizens while preserving the planet.
We will continue to guide citizens and support heating
installers, alongside the European Union, on the
ground towards more sustainable heating solutions”
concludes Patrick Crombez.

Daikin unveils the 4-step guide to
decarbonizing our homes Daikin
unveils the 4-step plan to transform
residential heating and cooling for a
greener Europe

The majority of residential housing is still heated
with outdated systems, often using polluting fossil
fuels such as coal and oil. As of today, the European
building stock is responsible for approximately 36% of
all CO, emissions in the EU. In some European coun-
tries, renewable heating via heat pumps has become
the new standard in new builds, while the potential
they offer calls for more exposure in replacement. This
observation contrasts sharply with the raised EU goal
of CO, emission cuts from 40% to 55 % by 2030
in the recently signed European Climate Law, which
forms the basis for the Renovation Wave strategy [1].

Patrick Crombez, General Manager Heating and
Renewables at Daikin: “A clear and accessible strategy for
decarbonizing residential heat is needed and renewable
technologies are playing an essential role in achieving the
new targets, especially in the replacement market. Daikin
has adopted the ambitious new targets and takes the lead
with a 4-step guide to transform residential heating.”

The 4 steps to decarbonizing
residential heat

The founding step of this new plan is to strengthen
Energy Performance requirements for new buildings.
Today, Daikin estimates that heat pumps already
have up to 50% market share in new (single family)
houses across Europe. Reinforcement of the current EP
requirements must therefore be put in place, to make
heat pumps the standard.

The second step is to increase the replacement rate.
In order to achieve the objectives of the European
Climate Law, the renovation rate must double from
1% to 2% by 2030. By increasing the replacement rate,
old systems are being replaced by more energy-efficient
ones, leading naturally to emission cuts. The next
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challenge is therefore to motivate EU citizens to choose
renewable solutions. This involves the need to explain
on a wider scale that -low carbon emitting heating
systems, like heat pumps, are an efficient, cost-effective
and established solution.

The third step consists of ending fossil fuel incentives.
Policy makers should avoid incentives for fossil fuels.
Currently, direct or indirect incentives benefit oil or
gas-based boilers over heat pumps. They are made
cheaper and more accessible, and that’s why low carbon
emitting technologies like heat pumps also need a level
playing field. The gap between today’s electricity and
gas prices in many member states is too high to make
heat pumps accessible for all EU citizens.

The final step is to make low carbon emitting heating
the standard in replacement. Daikin believes that
heat pumps are the best solution [2]. Heat pumps are
increasingly capable of high efficiencies even at lower
outdoor temperatures. They are therefore fit for any
type of house or apartment. Using renewable energy

References

sources to heat your home reduces the consumption
of polluting fossil fuels and CO, emissions.

Clear actions are needed

Daikin has set itself the ambition to become a carbon-
neutral company on a global scale by 2050. These four
steps are today the most effective method of decarbon-
izing residential heat and Daikin calls on all stakeholders
to roll up their sleeves and join the movement.

As an industry leader in sustainable heating, Daikin is
showing the way. At Daikin were working on a daily
basis to help making these 4 steps reality. Technology is in
place, our investments support this. We are making sure
our installer community is joining the movement. Heat
pumps are the future in the replacement market and it
is our duty to convince all stakeholders. All the signs are
indicating that we need to act now. Words are no longer
enough; clear actions are needed. This is the only way we
can make Europe climate neutral by 2050,” concludes
Patrick Crombez. m

[1] https://eceuropa.eu/energy/sites/ener/files/eu_renovation_wave_strategy.pdf

[2] This solution becomes even better as the carbon footprint of the connected electricity grid becomes zero, which is
possible by the increasing production by PV and wind generation.
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Fit for 55: Overview of most
important policy proposals
for the building sector

In its mission to deliver upon the European
Green Deal, the European Commission has
published the first part of the “Fit for 55”
package on 14 July 2021. This is a set of
13 proposals to either introduce or revise
EU policies related to climate, energy,
land use, transport, buildings and taxation
to get the EU’s policies fit to reach the
target of a 55% reduction of greenhouse
gas (GHG) emissions by 2030, compared
to 1990 levels. In this article we will briefly
explain the context of Fit for 55 and give an
overview of the policy proposals that are
the most relevant for the building sector.

JASPER VERMAUT
REHVA, Project
Communication and
Promotion Officer

jv@rehva.eu

Context of Fit for 55

The package was accompanied by a Communication
from the Commission called “Fit for 55: Delivering
the EU’s 2030 Climate Target on the way to Climate
Neutrality”. Meaning that these proposals aim to
get the EU’s policy environment ready to reach its
55% reduction of GHG emissions by 2030 with the
long-term objective in mind to get Europe carbon
neutral by 2050. As mentioned, the package is a set

Journal - August 2021



of inter-connected proposals where the Commission
has aimed to strike a cautious balance in its policy
mix between pricing, targets, standards and support
measures, as can be seen in Figure 1.

The proposals impact a wide variety of sectors such as
energy, industry, transport, agriculture and buildings.
The latter has been identified as one of the key sector
tackle for the reduction of GHG, under the European
Green Deal [1] which is exemplified by the Renovation
Wave strategy [2] and the objective to double the
annual renovation rate of buildings by 2030. In the
following sections we will give outline of the four pro-
posals that will likely impact the building sector the
most under Fit for 55, being: the proposed extension
of the EU’s Emission Trading System (ETS) to the
building sector; the revisions of the Energy Efficiency
and Renewable Energy Directives; and the proposal to
introduce a Social Climate Fund with the objective to
tackle energy poverty for vulnerable households.

Revision of the EU Emission Trading
System: Extension to the building sector

One of the most talked about topics in the months
leading up to Fit for 55 was the extension of the ETS to
the building and transport sectors. The ETS is a ‘cap and
trade’ system [3] which puts a carbon price on the GHG

emissions in a variety of sectors that together cover around
40% of GHG emissions in Europe. A cap is set on total
amount of GHG that can be emitted by installations
covered by the ETS, to gradually lower the emissions this
cap is reduced over time. The owners of these installations
can receive or buy emission allowances and trade with
one another to remain within the cap of emissions. As
the total number of allowances reduce over time, so do
the emissions released through these installations.

The ETS already covers around 30% of building emis-
sions from heating, related to the system’s coverage
of district heating and electricity used for heating.[4]
The amendment proposed by the Commission would
ensure that a new ETS covers all emissions related to
fossil fuel combustion of heating in buildings, e.g.
heating through gas, oil or coal. This means that a
separate but adjacent trading system will be setup
next to the currently existing ETS. This new and self-
standing ETS would cover the transport and building
sectors together and would avoid disturbances with
the ETS that is already in place. The reason to setup
a separate system is due to the difference in reduction
potential between the already covered sectors and the
transport & building sectors, as well as a large differ-
ence in factors that influence the demand. A possible
merger between the two systems would be assessed a
few years after the implementation of the new ETS.

*Stronger Emissions Trading *Updated Effort Sharing «Stricter CO,

System including in aviation Regulation performance for cars &
*Extending Emissions Trading *Updated Land Use Land vans

to maritime, road transport, and Use Change and *New infrastructure for

buildings Forestry Regulation alternative fuels
*Updated Energy taxation *Updated Renewable *ReFuelEU: More

Directive

*New Carbon Border
Adjustment Mechanism

Energy Directive

*Updated Energy
Efficiency Directive

sustainable aviation
fuels

*FuelEU: Cleaner
maritime fuels

Support measures

* Using revenues and regulations to promote innovation, build solidarity and
mitigate impacts for the vulnerable, notably through the new Social Climate Fund
and enhanced Modernisation and Innovation Funds.

Figure 1. Overview of policy mix of the first part of the Fit for 55 package.
Source: https://ec.europa.eu/info/sites/default/files/chapeau_communication.pdf
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In the current proposal the new self-standing system
would be established in 2025 where the regulated
entities would only have to report the emissions related
to previous years. The issuance of allowances and
compliance obligations would start from 2026. The
proposed rate of allowances should allow for a reduc-
tion of emissions of 43% by 2030 in the transport and
building sectors together, compared to 2005 levels.[5]

It needs to be highlighted here that building sector
will remain a part of the Effort Sharing Regulation. [6]
Initially this Regulation set national binding annual
GHG rtarget for non-ETS sectors. In the current
proposals the building sector will now be covered in
both policies, as the Commission assessed that the
combined inclusion of the buildings in both a carbon
pricing-system and national target-setting would lead
to important synergies that strengthen each other and
avoid inefficiencies.[7]
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Introduction of a Social Climate Fund

The abovementioned introduction of a carbon price
will be especially large for households that use coal
for heating, especially in lower income countries.
To balance this the Commission has put forward a
proposal to introduce a Social Climate Fund to support
households finance investments in energy efficiency,
heating & cooling systems and clean mobility. In the
current proposal this Fund would be financed through
up to 25% of the revenue created by extension of the
ETS to the building and transport sectors would go
towards this new Fund.[8]

To implement this all Member States would have to
establish a Social Climate Plan with an update every
two years, together with the national energy and
climate plans[9] that will contain a set of measures
and investments to address the impact of carbon
pricing on vulnerable households.[10] The calcula-
tion of maximum financial allocation per Member
State depends on a set of indicators related to total
population, amount of population at risk of living in
poverty in rural areas, GHG emissions from fuel com-
bustion in households and the Member State’s Gross
National Income (GNI) per capita. In the current
proposal Poland would be the largest receiver with
a share of 17.61% of the fund, followed by France
(11.20%), Italy (10.81%), Spain (10.53%) and
Romania (9.26%).[11]

Revision of the Energy Efficiency and
Renewable Energy Directives (EED & RED)

The new revisions of the EED & RED have to be
seen within the context of the Renovation Wave objec-
tives to at least double the annual renovation and to
decarbonise heating & cooling, which are currently
responsible for 80% of the energy consumed in resi-
dential buildings.

One of the main changes in the EED is that in the
new Article 6 it is mentioned that each Member State
shall ensure that at least 3% of buildings owned by
public bodies shall be renovated each year to at least
nearly zero-energy buildings (NZEB).[12] This both
widens the earlier set target from government-owned
to all publicly owned buildings and raises to depth of
renovations to a minimum of NZEB level.

The annual energy savings obligation for Member States
are almost doubled for the period between 2024 and
2030 in the new EED proposal, from 0.8% to 1.5%.
[13] Furthermore, the revision of the EED introduces a
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higher target for reducing primary energy consumption
(39%) and final consumption (36%) by 2030.

The newly proposed revision of the RED aims to raise
the 2030 renewable energy target of gross final energy
consumption up to 40%.[14]

The revision of the RED puts a high emphasis on the
decarbonisation of the heating & cooling sector, with
one of the main introductions being a higher obligation
on Member States to increase the share of renewables
in this sector by 1.1% per year. For district heating
& cooling the annual target for increased shares from
renewables and waste heat & cold is increased from 1%
to 2.1%. Member States also have to ensure that third
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parties who supply energy from renewable sources and
waste heat & cold can connect to heating & cooling
systems with a capacity of above 25MWth.[15]
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The European Parliament and Council of the EU will
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The second part of Fit for 55 is planned for Q4 2021,
where the Commission will put forward a proposal for
a new revision of the EPBD [16] and provisions for
the gas markets. B

[1] https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en

[2] https://www.rehva.eu/rehva-journal/chapter/the-3rd-revision-of-the-energy-performance-of-buildings-directive-epbd

[3] https://ec.europa.eu/clima/policies/ets_en

[4] Source: European Commission — 2021/0211 (COD): Proposal for a Directive amending Directive 2003/87/EC
establishing a system for greenhouse gas emission allowance trading within the Union, Decision (EU) 2015/1814
concerning the establishment and operation of a market stability reserve for the Union greenhouse gas emission
trading scheme and Regulation (EU) 2015/757 - p. 5: https://ec.europa.eu/info/sites/default/files/revision-eu-ets_

with-annex_en_0.pdf

[5] Ibidem, p. 19 & 34.

[6] https://ec.europa.eu/info/sites/default/files/proposal-amendment-effort-sharing-regulation-with-annexes_en.pdf

[7] Ibidem, p. 133.

[8] Source: European Commission — 2021/0206 (COD): Proposal for a Regulation establishing a Social Climate Fund - p.
11: https://ec.europa.eu/info/sites/default/files/social-climate-fund_with-annex_en.pdf

[9] https://eceuropa.eu/info/energy-climate-change-environment/implementation-eu-countries/energy-and-climate-
governance-and-reporting/national-energy-and-climate-plans_en

[10] Ibidem, p. 23.
[11] Ibidem, p. 61 - 63.

[12] Source: European Commission — 2021/0203 (COD): Proposal for a Directive on energy efficiency (recast) — p. 81:
https://ec.europa.eu/info/sites/default/files/proposal_for_a_directive_on_energy_efficiency_recast.pdf

[13] Ibidem, p. 87.

[14] Source: European Commission — 2021/0218 (COD): Proposal for a Directive amending Directive (EU) 2018/2001 of the
European Parliament and of the Council, Regulation (EU) 2018/1999 of the European Parliament and of the Council
and Directive 98/70/EC of the European Parliament and of the Council as regards the promotion of energy from
renewable sources, and repealing Council Directive (EU) 2015/652 — p. 10: https://ec.europa.eu/info/sites/default/
files/amendment-renewable-energy-directive-2030-climate-target-with-annexes_en.pdf

[15] Ibidem, p. 37.

[16] https://www.rehva.eu/rehva-journal/chapter/the-3rd-revision-of-the-energy-performance-of-buildings-directive-epbd

Journal - August 2021


https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en
https://www.rehva.eu/rehva-journal/chapter/the-3rd-revision-of-the-energy-performance-of-buildings-directive-epbd
https://ec.europa.eu/clima/policies/ets_en
https://ec.europa.eu/info/sites/default/files/revision-eu-ets_with-annex_en_0.pdf
https://ec.europa.eu/info/sites/default/files/revision-eu-ets_with-annex_en_0.pdf
https://ec.europa.eu/info/sites/default/files/proposal-amendment-effort-sharing-regulation-with-annexes_en.pdf
https://ec.europa.eu/info/sites/default/files/social-climate-fund_with-annex_en.pdf
https://ec.europa.eu/info/energy-climate-change-environment/implementation-eu-countries/energy-and-climate-governance-and-reporting/national-energy-and-climate-plans_en
https://ec.europa.eu/info/energy-climate-change-environment/implementation-eu-countries/energy-and-climate-governance-and-reporting/national-energy-and-climate-plans_en
https://ec.europa.eu/info/sites/default/files/proposal_for_a_directive_on_energy_efficiency_recast.pdf
https://ec.europa.eu/info/sites/default/files/amendment-renewable-energy-directive-2030-climate-target-with-annexes_en.pdf
https://ec.europa.eu/info/sites/default/files/amendment-renewable-energy-directive-2030-climate-target-with-annexes_en.pdf
https://www.rehva.eu/rehva-journal/chapter/the-3rd-revision-of-the-energy-performance-of-buildings-directive-epbd

REHVA welcomes its new
Supporter: Arcelik!

w arcellik

The REHVA Supporters are leaders in building services that share our
goal of advancing and developing high quality HVAC technologies,
system solutions and engineering tools by international knowledge

exchange, research and joint advocacy.

REHVA welcomes its new
Associate Organisations:
OAER and ISIB!

O R ISIB
L] — ——
Romanian Chamber of TURKISH
Energy Auditors (OAER) HVAC-R

REHVA Associate Organization are organizations,
associations or institutions that pursue
the same objective as REHVA.
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@ Send information of your event to Ms Nicoll Marucciova nm@rehva.eu @

Exhibitions, Conferences and
Seminars in 2021

Conferences and seminars 2021
Due to the COVID19 circumstances, the dates of events might change. Please follow the event’s official website

25 Aug - 27 Aug  8th International Buildings Copenhagen, Denmark https://www.ibpc2021.0rg/
Physics Conference

31 Aug -2 Sep ISH Shanghai & CIHE Shanghai, China https://ishs-cihe.hk.messefrankfurt.com/shanghai/
en.html

03 Sep - 04 Sep 52nd AiCARR International Vicenza, Italy http://www.aicarr.org/Pages/Convegni/52920CONV %20
Conference 2021 INTERNAZIONALE/presentaz_call_for_paper_ing.aspx

13-15Sep IAQ 2020 Athens, Greece https://www.ashrae.org/conferences/topical-conferences/
indoor-environmental-quality-performance-approaches

21 Sep Nordic Ventilation Forum http://www.scanvac.eu/nvf.html

22 Sep - 24 Sep Aquatherm Tashkent 2021 Tashkent, Uzbekistan https://www.aquatherm-tashkent.uz/en/

29 Sep -2 Oct ISK Sodex 2021 Istanbul, Turkey http://www.sodex.com.tr/

29 Sep Danvak Dagen 2021 Kgbenhavn, Denmark https://danvak.dk/produkt/danvak-dagen-2021/

26 - 27 Oct European Heat Pump Summit  Nuremberg, Germany https://www.hp-summit.de/en

Conferences and seminars 2022

04 - 06 May CIAR Lisboa 2022 Lisbon, Portugal http://www.ciar2022.com./

22 - 25 May CLIMA 2022 Rotterdam, the Netherlands  https://clima2022.nl/

12-16Jun Indoor Air 2022 Kuopio, Finland https://indoorair2022.org/
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TVVL organises ‘global summit’ for the installation sector

CLIMA 2022 measures the
temperature of the global
installation sector

Anyone who wants to measure the temperature of the international world of
installation should register for CLIMA 2022. The REHVA HVAC World Congress,
which takes place once every three years, is coming to Rotterdam Ahoy in May.
It is the first time in history that this conference is being held in the Netherlands,
and TVVL is organising it. “This is the event where science and practice meet,
and current knowledge is exchanged. If you want to know what is going on,
what new insights there are and how the installation sector is developing, this

is the place to be.”

tze Boerstra, president of CLIMA 2022, is
Ailready audibly enthusiastic when he thinks
f the many different people who will partici-
pate from all over the world and the broad range of
topics that will be discussed. Together with Laure Itard
and Lada Hensen Centnerov4, he is in charge of the
content of this prestigious international congress they
are setting up together with TVVL in a short time
frame. “You could say that this REHVA congress is the
European Championship for the installation world.
Here, once every three years, we bring together the best
people and all the current topics that our sector has to
offer. It is a unique opportunity for the Dutch installa-
tion and construction industry to have such close and
accessible access to it”, says Boerstra, director of BBA
Binnenmilieu and recently connected to TU Delft.

Mix of science and practice

Laure ltard, working at TU Delft, and Lada Hensen
Centnerovd, working at TU Eindhoven, are both
vice presidents of CLIMA 2022 and, in that role,
responsible for an important part of the content of the
congress, namely the papers and workshops. Besides
the not to be underestimated social aspect, the CLIMA
congress is primarily a scientific event in the field of
heating, cooling, ventilation, and air conditioning.

72 REHVA Journal - August 2021

This means that a huge amount of new knowledge
and practical cases are brought to light to give a strong
boost to the knowledge level in the European instal-
lation world.

“The congress attracts scientists from all over the
world”, says Laure ltard. “But the nice thing is that,
here, they also get to meet people from the field in a
fairly accessible way.

Installers, designers, consultants, manufacturers,
but also students and media will be present in large
numbers. It is this whole mix of professionals that
makes this an event you definitely want to be at.”

r'

Vice Presidents Laure Itard (TU Delft) and Lada Hensen
Centnerovd (TU!e) and President Atze Boerstra (BBA
Binnenmilieu) of CLIMA 2022.




TVVL wins o
with impres:

nce every three years, one of the

European countries is allowed to host
the REHVA HVAC World Congress. The bid
book TVVL submitted in 2019 was so impres-
sive that REHVA awarded the organisation
for 2022 to our country. REHVA (Federation
of European Heating, Ventilation and Air
Conditioning Associations) was established
in 1963 in The Hague with TVVL as one of
the initiators.

REHVA represents a network of more than
100,000 professionals from more than 26
countries. The organisation aims to improve
science and practical application in the field
of installation technology. REHVA also stim-
ulates students’ interest in studying in the
field and organises the international REHVA
Student Competition.

Broad organising committee

Because TVVL is responsible for the organi-
sation in 2022, it has sought cooperation
with the universities TU Delft and TU/e. The
president, vice-presidents, and members
of the scientific committee of the congress
have been recruited from these ranks, as
well as from the TVVL members working in
the practical field.

CLIMA 20822
Eye on Towards digitalized, healthy,
2638 circular and energy efficient HURC

REHUA 4™ HURC World Congress
15" - 18" May. Rotterdam, The Netherlands

janisation
'_b‘id book
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For the Dutch members of the scientific committee, a deliberate decision was made to include
one representative from science and one from practice for each topic. These ‘topic champions’
will also introduce the topics in this and the coming editions of TVVL Magazine. In addition, the
following core team of five people from the TVVL office and management board has been put
together for the actual organisation of the conference:

Ing. Olaf Oosting MSc, General Managing Director Valstar Simonis and board member TVVL
Ing. John Lens, General Director TVVL

Esmeralda Pondman, Manager Knowledge Development TVVL

Mylenne Hamaker, Events Coordinator TVVL

Femke van Egmond, Marketing & Communication TVVL

Sharen van Meurs, Online Marketing TVVL

Names, company, and function of the members of the scientific committee CLIMA 2022.

Laure Itard TUD SC chair (papers)

Lada Hensen Centnerova | TU/e SC co-chair (workshops)

At ze Boerstra TUD & BBA Binnenmilieu President

Marcel Loomans TUle Planning sessions & papers
Martin Tenpierik TUD Planning sessions & papers
Froukje van Dijken BBA Binnenmilieu Workshops

Christian Struck Saxion University Learning & Edu cation

Jan Hensen TU/le Energy

Jan Jaap | Blim Alba Concept Energy

Pieter Pauwels TUle Digitisation

Jan Kerdel Kerdel Business Development | Digitisation

Philomena | Bluyssen TUD Health & comfort
Annemarie | Eijkeleboom EMG Architects Health & comfort

Tillmann Klein TUD Sustainability & circularity
Olaf Oosting Valstar-Simonis Sustainability & circularity
Bob Geldermans TUD Sustainability & circularity
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Knowledge exchange around
five topics

“You can bet that there will be a lot of start-ups here;
companies and researchers who are working on digi-
talisation, for example: what benefits can monitoring
air quality provide, but also how can we monitor
energy use and manage it in real time. Everyone has
an opportunity to give or participate in workshops
and presentations here to enhance their knowledge”,
says Lada Hensen Centnerovd. “This congress really
sets the agenda in our sector. And that’s what makes
it so fantastic “, adds ltard.

“A few important subjects will determine the trends”,
Boerstra continues. “Of course, they relate to the energy
transition. For example, the ‘green deal’ — which the EU
is now prominently bringing to the public — for a great
part determines the direction in which the installation
world is developing. But the COVID-19 pandemic and
the phenomenon health, ventilation and healthy build-
ings is a topic that will continue to be in the spotlight
next year. Digitisation is another topic that will be given
extensive attention at this conference.”

The trio indicated that they will make CLIMA 2022
into a broad and very diverse congress, where everyone
in the sector will find topics that appeal to them.

“For example, in addition to the three topics Atze men-
tioned, circularity is another important one. It is truly
a defining issue for the future, one to which the EU
is also firmly committed. In this respect, installation
technology still lags behind compared to architecture
and construction. And the fifth topic is learning &
education, which includes new forms of knowledge
dissemination,” says Itard. “The congress will therefore
also take place in a hybrid form; in addition to the
many live sessions, we will stream some of the presenta-
tions, workshops, and lectures via the internet.”

Workshops and papers

During the conference, a variety of presentations and
workshops will be held, both in plenary sessions and
in many sub-sessions. “It goes without saying that
we will provide appealing keynotes. It is too early to
announce names at this stage but the presentations
will be related to the five topics mentioned. Our aim
is to organise the subjects per overarching topic on
fixed days during the congress days between 22nd and
25th of May,” Boerstra says. “Attendees will be able
to pick out the day or days that appeal to them most.
At the same time, I think that many people will not
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limit this unique opportunity to just one day. Who
wouldn’t want to spend three consecutive days in a
stimulating environment, networking with the top
European experts in our field.”

“We strongly encourage all market participants to
submit topics for interactive sessions,” says Hensen
Centnerovad. “Our goal is to offer a very wide range
of subjects. These can come in the form of discus-
sion forums, seminars or webinars, as well as courses
or workshops. We call on specialists, scientists and,
in particular, practitioners to submit their proposals
before the summer.

More information on dates and rules can be found on
the congress website, www.clima2022.org.”
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CLIMA 2022 will take place at the Rotterdam Ahoy Convention
Centre, a brand new part of the well-known Ahoy complex in
Rotterdam South.

Abstracts for papers and sessions
can be submitted until 1 August

If there is a subject you want to write a paper
about or about which you would like to give an
interactive session during the congress, please
send in an abstract no later than 1 August via
the ConfTool on the website.

In September, the members of the scientific
committee shall look at all the abstracts and
proposals. They assess which abstracts of the
papers and sessions best fit the purpose and
the topics of this congress. As soon as they
assess your submission as suitable, you will be
notified, and you can start writing the paper in
full or prepare the session.

You will find all the information for submitting
an abstract on the website. www.clima2022.org



Optimal conditions at the RACC

The CLIMA 2022 congress will take place at the
Rotterdam Ahoy Convention Centre, a brand-
new part of the well-known Ahoy complex in
Rotterdam South. This new building is a state-
of-the-art, sustainably built conference centre
with the largest auditorium in the Netherlands,
beautiful foyers, luxurious rooms, and facilities.

The spacious and well-equipped venue also
enables the organising committee to plan the
sessions in a COVID-19-proof manner. The fact
that some of the sessions can also be followed
digitally also helps. Besides plenty of room for
e.g. networking activities, there are also great
places for companies and organisations to
present themselves.

Are you interested in presenting your company
at the congress? Please contact the organising
committee to find out more. Please visit www.
clima2022.org.

ltard continues: “The same goes for our call for papers.
Traditionally, a REHVA congress is accompanied by
a comprehensive volume containing a wide range of
publications. If you want to submit such a contribu-
tion, please send us your abstract before 1 August. If
the topic is accepted, you can develop the paper and
it will be included in the congress proceedings and
website. The contribution might also be published in
the REHVA Journal or the TVVL Magazine.”

Striving for diversity

The great diversity of CLIMA 2022 is also reflected
in the opportunities for companies to offer sponsored
workshops; sessions that visitors can attend both
live and online. Organisations and companies can
also present themselves with a booth at the congress.
“There will be a lot to experience”, says Boerstra. “For
example, TVVLs Swiss sister organisation will be cel-
ebrating its 50th anniversary at the congress. And the
award ceremony for the REVHA student competition
will be held here, too. In addition, the winners of
the new Healthy Hornes Design competition, created
jointly by REHVA and Velux, will be announced
during the venue. Of course, there will also be various
get-togethers, the conference dinner on Tuesday, and

events

Young REHVA manifests itself at
CLIMA2022

In 2020, the REHVA Community of Young
Professionals (RCYP} was established. This
official section of REHVA was created to bring
together young professionals working in the
field from all over Europe, and to offer them the
benefits such a venue provides.

At this time, the coordinator is Arash Rasooli, a
former winner of the REHVA student competi-
tion. “We want to bring together young profes-
sionals at events and excursions, but we also
give them discounts on workshops, courses and
publications,” says Rasooli. “REHVA provides
us with a budget for this purpose. During the
congress, we will organise social activities for
our members, such as informal get-togethers,
but also an excursion in Rotterdam, amongst
other activities.”

The requirements for becoming a member are
that the young professionals have completed a
Master’s or PhD degree and are no more than
35 years old. If you want to become a member,
please go to the RCYP’s Linkedin group and
sign up.

https://www.linkedin.com/groups/89285 63/

other social events. All this makes CLIMA 2022 a
unique event. Truly a ‘once in a lifetime’ experience;
and a first for it to be held in the Netherlands.”

“People should definitely not think that of it as an old
boys network,” adds ltard. “One of our main goals is to
bring together our students, national and international.
That is why Young TVVL (see box) is also developing
its own activities at this congress. We badly need this
generation to meet the challenges that lie ahead in each
of the mentioned areas in the years up to 2030.”

Hensen Centnerovd concludes: “Apart from the
fact that the content of the congress promises to be
extremely varied, we also want CLIMA 2022 to be
as diverse as possible. Perhaps it will not be quite as
diverse as the visitors of the Eurovision Song Contest,
which took place at Ahoy last month, but at CLIMA
2022 we also expect to see a lot of young people and
women.” B
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