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1. Abstract

Recently systems that combine solar thermal teclyyohnd heat pumps have been marketed to heat
houses and produce domestic hot water. This newbitation of technologies is a welcome
advancement, and need to be improved in the camfligm. These systems will be cleaner as long as th
electricity will improve the renewable energy fiact and they improve its efficiency. In Mediteream
areas, where there are less months of heatingolhe thermal systems for heating have a severathmo
with overheating; this fact is an obstacle for designers and the users. The combination of shértal
collectors and heat pumps provides interestingipitiies for innovative and energy efficient hewgi
systems with a high fraction of solar energy. Desg high cost these systems are gaining more and
more importance due to the rising cost of the Bahifossil resources. Several configurations ofrsola
systems have been studied. Some of them use chbegtars that make the investment more attractive.

2. Introduction

The functionality of these systems can lead toigpeperating conditions which significantly diffeom
conditions in standard solar systems, e.g. lonectdlr temperatures below the dew point.

The cooler months when the external temperatubeliew 7 °C, geothermal heat pump systems have a
higher efficiency than standard heat pumps. Tharsgfstems with water-water heat pump with a big
storage tank can have as well a similar efficieiheyn the geothermal ones.

The most efficient system consists in using geatiaéheat pumps in a closed loop circuit, but ite @f
the most expensive configurations, because it nadulg surface of pipes for the heat transfer i
ground. The biggest investment is the excavati@riZbntal or vertical). The open loop systems are
cheaper but have more barriers (environmental anstjctional).

One interesting combination is for houses with ftigrage water tank or swimming pool, where we can
save the buffer storage tank using the isolated potank. There are various solar pool heatingesys
available, using high or low efficiency collectohese systems cost little to run - the main ceghe
electricity for the pump. Over the life of the st the total cost will end up being cheaper thestesns
that use big storage tanks and close to that of¢lo¢hermal devices.

In Mediterranean areas many houses have a pool rainastorage tank; in fact a lot of municipal
regulations obligate to have such tanks for farhityses. Many of the houses with swimming pool have
solar collectors for its use it in autumn monthkisTkind of houses can take profit of the solatembrs

all the year, without overheating. The heat camllm@ped into a swimming pool in autumn months, and
use the swimming pool like a big buffer tank in tteoler days, with enough storage to store dutieg t
cloudy days. This pool will need to be aisled aodered to avoid heat losses.

3. Configurations of the solar HP heating systems

As the feasibility of a solar system depends onfristion of primary energy saving, different plant
configurations, including different elements, aregmsed according to the solar collector efficieaogd
heat pump efficiency to see the optimum system legitk energy consumption.



The basic reference system includes the minimurar sobllector area to partly meet DHW energy
demands of the house, between 60 and 95% depeoditite climatic zone and on the building demand,
according to the criterion given at the Spanishrgp&aving Basic Document (DB HE).

m Solar

ﬁ\v,A collectors

4(@_, DHW
consumption
Ther _
stor @ >
%’ {? heating

— O 2
u

cdemand

-
%

A

R

Grid ]
A A\ water
Heat @
storage
tank
% y
E swimming
-t pool

Cond. Air

AL :"V‘ Compr.‘ —8 | Evap.

| M otor

Grid

Fig. 1: Schematic diagram of the high efficiency $ar thermal contribution system with an air heat pump

In this first configuration the panels are highasogfficiency, and an air-water heat pump, we use
between a 500 and 1000 liter storage tank temperatioe solar energy must contribute to the DHW,
help to the house heating or pool system production

Auxiliary heat pump set point temperature must igé lfabout 50 °C) during winter in order to actevat
the heating system (heated screed floor or fas);dilt can be reduced (to about 30 °C) in autume t
if the pools are used.

The heat pump is absorbing the heat from the laise systems are very usual in Mediterranean areas,
where the winter it's quite warm (7-10 °C), onlgythave some days below 0°C.

The surface of the solar panels can go from 6 tediéare meters, depending of the size of the house
and the thermal demand. These systems provideseitln energy more than the 70% of the DHW and
30-50% of calefaction, and the 100 % of the poakssities.

We can cover up to a 50% of the thermal necesgititls a COP of 3 to 4, consuming only the 16% of
the energy from the electricity.
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Fig. 2: Schematic diagram of the high efficiency sar thermal contribution system with a water heat pump
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In the second configuration, the solar panels ave dfficiency, with a water-water heat pump, it's a
fully integrated system: the heart of the systetiésheat pump but solar energy provides energlygo
evaporator side of the heat pump, either throughoeage tank or directly, and when possible to the
DHW tank and/or to the heating distribution system.

The storage tank is between 300-500 litters. Thkase of the unglazed solar panels, because they ar
low efficiency is tree times bigger than the presconfiguration, nevertheless the cost its treedi
cheaper. We will require from 25 to 50 square nsetdepending on the size of the house and the
thermal demand. These systems increase with soéagy the efficiency for DHW and space heating,
during some month provides directly the DHW andtinganecessities, and the 100 % of the pool
demand, with a volume between 50-100 m

We can cover up to a 50% of the thermal necesgititls a COP of 4 to 5, consuming only the 16% of
the energy from the electricity.

The biggest problem is the low efficiency of théas@anels when they are working with differencés o
more than 20°C between the water and ambient teryperthe efficiency it's falling down. The
systems 2 and 3 need less storage volume due potheacting as a big buffer.

The advantage of this system it's than the watethefpool can go through the solar panels, saving
pumps and heat exchangers, thus simplifying theesysThe biggest disadvantage it's that we willchee
a bigger surface of solar collectors.
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Fig. 3: Schematic diagram of the low efficiency sat thermal contribution system

In the third configuration, we take the same spkamels of the first configuration with a high eifincy,

with a water-water heat pump, it's a fully integehtsystem: the heart of the system is the heat fouhp
solar energy provides energy to the evaporator gidhe heat pump, either through a storage tank or
directly, and when possible to the DHW tank andidathe heating distribution system.

The storage tank is between 300-500 litters. Tikase of the solar collector surface will be larg®n

in the first system to be able to keep warm thel poavinter, it can go from 12 to 24 square meters,
depending on the size of the house and the thederabnd. These systems increase the efficiency for
DHW and space heating with solar energy. Duringesomonth provide directly the DHW and heating,
and a 100 % of the pool necessities, with a volbeteveen 50-100 tn

We can cover up to a 60% of the thermal necesgititls a COP of 4 to 5, consuming only the 11% of
the energy from electricity. We are taking the adages of the two previous systems.

4. Results

Simulating the whole year system we reach diffesmiar contributions, due to the efficiency of the
system, the working temperature of the storagessysand the different COP of the heat pump. It has
been simulated the minimum temperature of the goothe whether conditions at Balearic Island’s, w
have found out than the water-water heat pump Haigleer efficiency than the air-water heat pump.
The average temperature never goes down of 1 hiydlidates the second and third system in fodnt

a geothermal heat pump of either close or open.dbpre are some short time periods when the pool
temperature decreases up to 9°C, when the ambimpetrature is -3°C. For cooler areas, we canearriv
to freeze the pool; it has been studied than theenfiee latent heat storage tank to the heat pump
extraction circuit has a bigger efficiency than #ie systems, and the latent heat increase thagstor
energy capacityJonnleitner-Trinkl] .
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Fig. 4: Temperatures of the pool and air at Balead Island’s.
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Fig. 5: Efficiency of solar panel with gradient tenperature (ambient-averaged solar panel)

For avoiding having a low averaged efficiency, eagstem tries find out the maximum efficiency for
the solar panels to have the maximum solar eneagsgthe unglazed panels (low) are working usually
with a difference of temperatures of less than 1@R€ pool will be usually in winter at 20°C and in
spring and autumn at 25°C, in summer they workeckns50°C, making a direct heat transfer to the
DHW, working with a gradient temperature of 25 dagyr.

The standard solar panels work with gradient teatpees of more than 25 degrees all the year, becaus
they transfer the energy to the DHW than it's mtivan 50°C. The result it's that the efficiency it's
similar in both systems.



Tab. 1: Table monthly set point and efficiency oftie three systems.

System 1. High ef. Solar | System 2. Low solar | System 3. High solar ef

heat pump (air) ef.heat pump (water) heat pump (water)
ac.

Month efficiency ac. Temp. |efficiency| ac. Temp. efficiency Temp.
JAN 44% 50 45% 20 55% 30
FEB 45% 50 50% 20 56% 30
MAR 43% 50 43% 25 52% 40
APR 47% 50 37% 30 55% 40
MAY 51% 50 47% 30 58% 40
JUN 54% 50 29% 40 46% 60
JUL 57% 50 11% 50 50% 60
AUG 57% 50 11% 50 49% 60
SEPT 52% 50 27% 40 61% 40
OCT 47% 50 44% 30 56% 40
NOV 49% 50 42% 25 59% 30
DEC 45% 50 53% 20 56% 30
Average 49% 50 37% 32 54% 42

We can see that we can arrive to the same avesgadfraction with different efficiencies and mblyt
solar fractions. The system 2 has a low efficiemcgummer because it produces DHW with the solar
panels without any auxiliary system. The fist ahe third system have overheating from May to
September that potentially could be used for sotenling applications. The second system reduces the
overheating working with higher temperatures, theducing its efficiency during summer months to
about 11%. The solar heat pump with solar collectits a good option with high efficency compressor

and they can reduce the overheating when combiithdalwsortion systems.

Tab. 2: Table monthly solar fraction of the tree sgtems

Month System 1 System 2 System 3
6-18 nf 25-50 nf 12-24 nt
JAN 20% 0%* 32%
FEB 20% 0%* 32%
MAR 31% 8%* 49%
APR 38% 42%* 59%
MAY 54% 89% 83%
JUN 100% 100% 100%
JUL 100% 100% 100%
AUG 100% 100% 100%
SEPT 92% 100% 100%
OoCT 45% 87% 72%
NOV 33% 19%* 53%
DEC 18% 0%* 30%
Average 54% 54% 68%
Average aux. Energy cons. (MJ) 12.812 13.231 8.846
Aux. Energy cons. MJ/nf year 107 110 74
Aproximated investment Cost (€) 12.325,11 € 8.489,41 € 10.472,48 €

The system 2 had the entire year solar energyidracbut the cooler months it's not straight, it's
indirect through the heat storage tank (potd),the heat pump extraction circuit, increasing the

efficiency.




5. Conclusion

Solar heat pump systems are a good solution foilyffamouses, where we can arrive to high comfort
levels with very low energy consumption. There aret of systems to be improved for engineers and
manufacturers of solar collectors and/or heat purfipsre is a need for the development of 'plug-and-
play’ or ‘ready-to-install’ system kit solutionst kast to avoid errors in dimensioning and assembl
To ensure energy efficient operation of such sohgj a control unit which continuously monitors the
basic functions of the system including adequastesy self-control strategies should be aspired.

The best option from the energy savings it's thédtlystem, but the most economical it's the second
one, with unglazed panels.

The unglazed panels combined with a pool or a lWarage tank constitute a good system in

Mediterranean areas, with similar efficiency to tipeomal systems, and a lower cost, and simpliyireg t
hydraulics and control systems.
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