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Economical heating and cooling systems for low ener gy houses

Seasonal storage integrated heat pump concept
with individual ground sources and demand
controlled ventilation for the low energy homes

Individual seasonal storage systems can be effective in
low energy houses, even in densely populated areas,
because of the availability of very energy efficient cooling
and the possible integration with solar thermal energy
systems, offering a seasonal performance on primary
energy of up to 2.5.
The demand controlled ventilation system automatically
reduces the ventilation rate in separate rooms on the ba-
sis of CO, and humidity measurements. This greatly redu-
ces thermal losses. In houses in a row and apartments, an
energy performance up to the 2015 level can be reached
even without ventilation heat recovery. In detached and
semi-detached houses, a solar collector or shower heat
exchanger can be added to achieve the same perfor-
mance.
The system concept consists of:

Heat pump 3.5 to 5 kW, floor heating, vertical closed

ground source (brine or water) 60-90 m, hot water

storage tank 150 — 200 |

Demand regulated ventilation system 300 m%h
Several options are possible

Appllcatlon
Single family homes, detached and semi-detached
houses, apartments (collective source).

The low temperature floor heating system avoids tur-
bulence of the room air, which is beneficial for people
with allergies, respiratory diseases or elderly inhabi-
tants.

Annual heating primary energy 8.7 kWhprim/(mZ-a)
Annual total energy ex user equipment: 50.3

KW hprir/(m?-a)

User energy incl. cooking : 21.6 kWhprim/(mz-a)
Functions: Heating, cooling, hot water, ventilation

Identified optimisation potentials: capacity reduction,
integration with ventilation system and building

Costs € 14.000 (heat pump and source, balanced

ventilatinn with heat recovenn
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In the EU, all buildings commissioned after January 1*, 2019 will be required to
be net zero, meaning that a building’'s carbon emissions are offset by the
generation of energy through non-carbon-emitting means. In the Netherlands
some local goals are more ambitious and are set to reach net zero for projects
commissioned after 2015 or even 2010, for a part of the volume. In 2011, the
national energy performance requirement for dwellings will be changed from the
present energy performance coefficient (EPC) of 0.8 to 0.6, comparable to pas-
sive house level plus 50%, bringing it to an effective low energy level. This inclu-
des room heating, cooling, hot water, lighting, ventilation and auxiliary energy,
but not the energy consumption for consumer appliances such as washing, dry-
ing, computers and audio/video equipment.

This heat pump concept has been developed recently, originally in a reaction to
the public concern on balanced ventilation systems, but has proven to be viable
in its own right, reaching an excellent energy performance at acceptable costs.
One of the first applications is in a development project in the city of Ypenburg by
a consortium of developer / builder Dura Vermeer, Nieman installation consul-
tants, Van der Giessen-de Graaf installation engineers and producer Itho. These
parties have worked together to develop the concept and continue to further im-
prove the concept, the integration in the building and the building process. By
rethinking the specifications of building parts, a further energy performance im-
provement in the Ypenburg project from 0.43 to 0.37 (15%) has been achieved
at virtually no cost. This is also partly achieved by improved air tightness of the
shell.

The system can be extended by a thermal solar collector and a shower heat
recovery system, leading to lower energy consumption, but also to higher initial
costs. Market research in the Ypenburg project has shown that most buyers are
willing to pay more for a house with this heat pump concept as compared to the
alternative, a house with heat distribution, but up to a limit of € 5.000 to € 7.000,
as financing may become problematic. For this reason, no solar collector and
shower heat recovery system have been implemented.

Heat pump systems are still relatively new to the Dutch housing market, the
standard technology being natural gas heating with condensing boilers. The
higher cost of heat pump systems has slowed down the market penetration.

The next change in the energy performance requirement can still be met by gas
systems, combined with ventilation heat recovery, solar energy and reduction of
losses. From 2011, fuel cells systems using natural gas will be available suitable
for heating and electricity production for individual houses. This will probably be a
competitor, but also a partner for heat pump systems, using the smart grid
concept.

To reduce building costs, and to be able to meet the increasing demands on
building performance in the field of energy, acoustic insulation, fire safety and
recycling of materials, the building industry switches more and more to prefabri-
cated parts and components. Prefabricated floors and walls can come with a low
temperature heating system already built-in.

A closed ground heat exchanger offers good working conditions for a heat pump
in heating mode. The relatively cold water from the ground source can be used
directly for cooling in summer, with only very little auxiliary energy consumption.
Several producers have developed advanced demand controlled ventilation
systems and integrated these with heat pump systems. Demand controlled
ventilation systems measure CO, and humidity in each room and adjust the
ventilation rate accordingly, ensuring a good climate, avoiding user error,
reducing the energy loss through ventilation and perceived ventilation noise. The
sensors and the valves can be located in a central plenum box, and the air from
each room is sampled sequentially. This system is self adapting and needs no
tuning. It will do this automatically.

Demand Flow plenum box and
controller (Itho)
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Pressure controlled vent

Technical data of the unit

3.44 kWy, brine-to-water heat
pump R407C

COP room heating 6.0
(exclusive well pump)

COP hot water 2.65

Demand regulated ventilation
system, 300 m */h max

Pressure operated vents
Backup: resistance heater
Noise emissions

38 dB (A) (heat pump)
Storage volume 200 |
Demand regulated ventilation
system,

365 m*h max (@ 100 Pa)




Project: De Caaien, Ypenburg
Location: near The Hague
Type: single family terraced (row-)houses

Monitored house:
floor area: 107 m?, house in a row

Walls R. = 3.5 m?K/W

Roof R = 5.0 m°K/W
Ground floor R. = 3.0 m*K/W
Glazing U = 1.2 (1.7) W/(m°K)
Infiltration 0.625  li(s'm?)

EPC 0.40- 0.45

CO,-emission annual 1346 kg (building related energy)

Number of units to be monitored: more than 250

Variables monitored:

- room temperature
temperature setting,
ground source temperature
hot water temperature
operating mode of heat pump
floor heating temperature

Monitoring will start later in 2010

Monitoring set-up (remote monitoring data acquisition)

CO,-emission reduction

CO, reduction building energy
compared to conventional: 46%

COs,-reduction incl. user energy: 28%

Seasonal performance primary energy

Tap water primary performance

including losses: 118 %
Back-up system:

not needed during normal operation

Heating primary performance
including auxiliaries and losses : 240%




A recent development is the demand controlled natural
ventilation system. In this system, the ventilation air is
allowed to enter the room directly from the outside
through a heating unit, only when necessary. The ne-
cessity can be determined by a time schedule or by
measuring the CO, concentration and humidity of the
room air. An actuator automatically regulates the air
flow accordingly. As a result, the heat loss due to ven-
tilation is greatly reduced and a good energy perfor-
mance can be reached without the need for an venti-
lation air heat recovery system. This system is combi-
ned with a ground source heat pump for floor heating
and hot water production. The source is regenerated
by subtracting thermal energy from the floor during
warm periods in the summer, when cooling is needed.
The thermal balance is achieved by a careful design of
the building and dimensioning of windows.

Several producers have developed advanced demand
controlled ventilation systems and integrated these
with heat pump systems. Demand controlled ventila-
tion systems measure CO, and humidity in each room
and adjust the ventilation rate accordingly, ensuring a
good climate, avoiding user error, reducing the energy
loss through ventilation and perceived ventilation
noise. The sensors and the valves can be located in a
central plenum box, and the air from each room is
sampled sequentially. This system is self-adapting and
needs no tuning. It will do this automatically.

In order to achieve energy neutrality, the system can
be further improved by adding a solar collector, a
charge boiler at tap points and hot fill connections
washing equipment.

# $ 4

A heat pump with ground source will produce heating, coo-
ling and hot water.

A gas boiler can only produce heating and hot water. In
order to achieve cooling, an additional investment is neces-
sary and operating costs will occur.

When this and the lower energy bill are taken into account,
a ground source heat pump is an attractive option.

Ecology
Heat pump systems are the best performers on CO,-emis-

sion reduction. This will even improve as more sustainable
electricity is fed on the grid. The CO,-emission can be re-
duced further by integrating sustainable energy systems
such as a solar collector or photovoltaic cells.

Other environmental benefit

In homes, the internal space is important. Heat pump sys-
tems can appear to take o lot of room, but this does not
take into account that no flue channel and radiators are ne-
cessary. The room requirement is actually less than for a
conventional system, providing the building is optimized for
the heat pump system

Adaptable buildings

Demand-controlled ventilation systems will adapt to
changes in the way a room or a building is used. This cre-
ates some flexibility for the user, as no costly retuning is ne-
cessary. It is also possible to take away or relocate internal
walls, as long as the ventilation vents remain clear.

Developer:

Mr D. Broekhuizen

PCS Concept: Dura Vermeer,
Leidschendam

Development:

Itho, Schiedam

Nieman installation consultants

Van der Giessen-de Graaf installation engineers
Link: www.itho.nl

Date of System concept sheet: June 2010

Monitoring results will be available
through Dura Vermeer

Technical reports: upon request (in Dutch)
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IEA HPP Annex 32 is a corporate research project on technical building systems with heat pumps

for the application in low energy houses.

The project is accomplished in the Heat Pump Programme (HPP) of the International Energy Agency (IEA).

Internet: http://www.annex32.net
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