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ABSTRACT

A demonstration project of Solar-Ground Coupled Heat
Pump with Seasonal Storage (SGCHPSS) was set up and a
data acquisition system was developed. In the SGCHPSS
system, the abundant solar energy in summer was stored
into the underground soil, in order to rise the soil
temperature as the heat source for the Ground Coupled Hesat
Pump (GCHP), and to enhance its efficiency. That realized
solar energy transfer utilization through the energy inter-
seasonal storage. The phase change heat storage was
designed to store and balance solar energy use in the short-
term.

Primary experiment on the SGCHPSS system was obtained,
including the solar collection temperature, solar collection
power and storage power.

1. INTRODUCTION

Energy, environment and energy saving has been the urgent
and important task faced by the whole world. It is necessary
to strengthen the utilization of new energy and renewable
energy, and reduce the consumption of conventional
energy. The energy storage in short-term or long-term could
realize energy complement and reuse, and increase energy
efficiency and supplement. The solar energy storage and its
inter-seasonal heat storage would enhance the solar energy
utilization deeply and wildly, and to bring about the solar
use controllable and mastered.

Central Solar Heating Plant with Seasonal Storage system
(CSHPSS) mainly uses certain storage media, such as
therma water, gravel-water, buried pipe or aquifer heat
storage style for solar energy storage, to compensate for
solar radiation and seasona changes of heat demand, and
enhance solar energy utilization more efficiently!™?. In
Europe, the proportion of solar energy to the total heat
demand had reached to 40~60% in CSHPSS system.
CSHPSS system has become more popular, with very high
development potential and the first choice for large-scale
use of solar energy system in the world, and a number of
demonstration projects have been built 5.

Ground-Coupled Heat Pump (GCHP) has being widely
used as energy saving technology with high efficiency.
Some study on the energy storage through the underground

heat exchanger and the heat transfer in soil in the GCHP
system was carried out 9,

2. SOLAR-GROUND COUPLED HEAT PUMP WITH
SEASONAL STORAGE (SGCHPSS) SYSTEM

2.1 SGCPSS System Introduction

In Tianjin, a demonstration project of Solar-Ground
Coupled Heat Pump with Seasona Storage (SGCHPSS)
was set up with solar energy utilization, phase change hesat
storage, inter-seasonal energy storage and Ground-Coupled
Heat Pump. The building has 3 floors with total building
area of 5700m?. It contained conventional air-conditioned
areas, such as office, library, conference room, and leisure
areas like basketball hall, table tennis room, and weight
training area. Especialy, there was an entertainment area
with swimming pools, bathing room, which needed year-
round hot water supply. The design heat |oad was 310kW in
winter, hot water load was 180kW in winter, and cooling
load was 460kW in summer respectively. Figure 1 was the
schematic diagram of the SGCHPSS system.

In Tianjin, a demonstration project of Solar-Ground
Coupled Heat Pump with Seasona Storage (SGCHPSS)
was set up with solar energy utilization, phase change heat
storage, inter-seasonal energy storage and Ground-Coupled
Heat Pump. The building has 3 floors with total building
area of 5700m?. It contained conventional air-conditioned
areas, such as office, library, conference room, and leisure
areas like basketball hall, table tennis room, and weight
training area. Especialy, there was an entertainment area
with swimming pools, bathing room, which needed year-
round hot water supply. The design heat |oad was 310kW in
winter, hot water load was 180kW in winter, and cooling
load was 460kW in summer respectively. Figure 1 was the
schematic diagram of the SGCHPSS system.

SGCHPSS system comprised solar heat collection system,
Ground Coupled Heat Pump (GCHP) system, hot water and
termina system. In SGCHPSS system, the solar collector
was 600 m? with flat plate, heat storage water tank 15m°;
GCHP system had 2 sets of water-water Water Source Heat
Pump, which burdened large space heating & air-
conditioning load, such as first floor hall, swimming pool,
basketball hall; the heating & air-conditioning load for the
2, 3 floors were respectively burdened by small-scale
water-air Water Source Heat Pump Units. Underground U-
type heat exchanger consisted of 60 double U foundation
piles with 20m depth and 48 double U boreholes with 120m
depth, and 8 boreholes in it was for energy storage. As
shownin Table 1.



Li Xin-Guo et al.

office zone

7
=

WSHP

WSHP :
leisure zone

hall, court
WSHP

=

floor heating

water
distributor

water
collector

solar collector

heat storage
water tank

phase change

heat storage
tap water

auxiliary electic

heator
o o

from water  to bathing
to swimming source heat
pool pump

borehole

storage
borehole

ground

e

Figure 1: Scheme of Solar-Ground Coupled Heat Pump with Seasonal Storage (SGCHPSS).

Table 1: Parameter of Boreholes and Storage Borehole

Heat
Botreheol € exchanger | Number D(enpq);c h L?nmg)th
yp type
Borehole Double U 40 120 19200
Storage
borehole Double U 8 120 3840
Foundation | 1y, ey | 60 20 4800
pile
Sum / 108 / 27840

2.2 Solar Heat Collection and Inter-Seasonal Energy
System

The SGCHPSS system combined solar hot water system,
solar inter-seasona heat storage and GCHP systematically.
To make full use of solar energy and underground energy,
the solar inter-seasonal heat storage in summer through
underground heat exchanger was designed to be integrated
with Ground-Coupled Heat Pump (GCHP). The abundant
solar energy in summer could be stored into the underground
soil, in order to rise the soil temperature as the heat source
for the GCHP in winter, and to enhance its efficiency. That
realized the solar energy transfer utilization.

The phase change heat storage was designed to store and
balance solar energy use in the short-term.

2.3 Data Acquisition and M easur ement

A PLC data acquisition system was developed for the
SGCHPSS demonstration project, which acquired and
measured the data of system temperature, flow-rate and
eectricity consumption. It included 20 temperature points, 4
flow-rate points and 3 power points. Computer data
acquisition and monitor were compiled based on Industrial
Control Configuration Software MCGS (Monitor and
Control Generated System) run on Microsoft's platform.
After a series of treatment specified by the user, MCGS
system provided data acquired and measured though a
variety of ways, such us animation display, aarm
processing, process control, real-time curve, report output.

3. EXPERIMENT ON SOLAR COLLECTION
TEMPERATURE, HEAT STORAGE AND POWER

The SGCHPSS demonstration project started operation in
November 2007 after set up. The system run 10 hours from
7:30am to 17:30pm every day.

Figure 2 was the variation of solar collected power and inlet
& outlet temperature of heat storage water tank from the
heat exchange with solar collectors. On Sep. 12, 2008, the
inlet temperature to the heat storage water tank increased to
apeak at first, and then began to decrease in a day. And the
solar collector achieved a maximum power of 78kW, which
appeared at about 12:30.

From 11:30 am to 15:00 pm, the inlet temperature of heat
storage water tank was higher than 500, which was a design
temperature switched to store the solar superabundant heat
into underground soil. This showed there was 3.5 hours
everyday in early September for storing solar superabundant
energy into underground soil.



Figure 3 was the variation of hot water power and storage
power to underground. Generally, the hot water load
concentrated in the afternoon and evening, and the demand
was dispersive and not fixed, and its average |oad power was
about 7.0kW. For the discontinuity and dispersion of hot
water demand, the heat storage will be a better way for
energy-saving and solutions.

At the initid stage of heat storage, the storage power to
underground reached more than 50kW. The heat storage
power concentrated in 18~36kW, and the average power
was about 22.9kW everyday. The time for heat storage to
underground was 3~5 hours per day.

The relationship between hot water load and heat storage to
underground could be commutative. During the day, the hot
water load was small, and the mgjority of solar collection
could be stored into the underground; while from 17:00pm,
the temperature of heat storage water tank was below 5001 of
the design temperature for storage, and hot water demand
increased, solar collection was mainly to meet the hot water
load, not the heat storage.
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Figure 2: Inlet & outlet temperature of heat storage
water tank and the solar collected power.
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Figure 3: Power of hot water and heat stored to
underground.

4. CONCLUSIONS

(). In Tianjin, a project of SGCHPSS combination system
was designed and set up, which comprised solar heat use,

power(kW)
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heat storage and Ground-Coupled Heat Pump. Solar energy
met the conventional hot water supply, and also realized the
solar inter-seasonal heat storage into underground in
summer, which supplied higher temperature heat source for
GCHP in winter.

(2). Experiments shown the solar collection power reached
maximum 78kW in early September. The solar
superabundant heat could be stored into underground, and
the average heat storage power was 22.9 kW, which lasted
3~5hours per day.

REFERENCES

Bo Nordell , Goran Hellstrom , High temperature solar
heated seasonal storage system for low temperature
heating of buildings , Solar

Energy , 2000 , 69(6) : 511-523

Gao Qing, J D Spifler , Li Ming , Underground thermal
energy storage and its effect on ground source heat
pump system, Journal of Jilin University:Eng and

Technol Ed , 2006 , 36(4) : 497-501

S Lundin, B Eriksson, T Borrteknk and B
Brinck , Drilling in Hard Rock and Borehole Heat
Exchangers for Seasonal Stores, 9th International
Conference on Therma Energy Storage , Warsaw in
Poland , 2003 , 1 : 399-404

Schmidt T, Mangold D, Muller-Steinhagen H , Central
solar heating plants with seasonal storage in
Germany , Solar Energy , 2004 , 76 (1-3) : 165-174

V Lottner , M E Schulz , E Hahne , Solar-assisted district
heating plants: status of the German programme
solarthermie-2000 , Solar

Energy , 2000 , 69(6) : 449-459

Xinguo Li, Zhihao Chen, Jun Zhao , Simulation and
experiment on the thermal performance of U-vertical
ground coupled heat exchanger , Applied Thermal

Engineering , 2006 , 26(14-15) : 1564-1571

Yu YanShun, Ma ZuiLiang , Simulative study on soil
therma storage and release process, Acta Energiae
Solaris Sinica , 2005 , 26(4) : 487-492

Zhao Jun, Chen Yan, Li Xin-guo , Optimization for heat

storage operating modes based on simulation of
seasonal  underground storage of  solar-GSHP

system , Journal of North China Electric Power
University , 2007 , 34(2) : 74-77




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


