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Energy-supported Solar Houses

Summary

Demonstration SOLARCHIS
autonomous houses built in the
Shonai district in Yamagata
Prefecture facing the Sea of Japan,
feature thermal energy storagein
concrete walls and floors, large
triple-glazed windows facing the
south, high-performance thermal

The lyama Autonomous House.

insulation for the exterior walls,
grid-connected photovoltaic arrays
and solar water heaters. Even under
the severe climate conditions of the
winter in the district, the thermal
storage in the concrete structure with
alarge thermal mass enables the
SOLARCHIS solar house to provide a
comfortable indoor environment and
to realise significant energy savings.

v Concrete structure used for
thermal storage

v Large windows facing south
and high-performance
thermal insulation

v Photovoltaic panels and solar
collectorson theroof




Project Background

The Shonai district sufferssevere
weather conditionsinwinter withice-
cold strongwindsblowinginacrossthe
Seaof Japanfrom Siberia. The
SOLARCHISisanautonomoushousing
system based on the study and design of
passivesolar housespursuedfor nearly
20yearsby theresident architect of the
Solar Architecture Studio. Since 1994,
the Studio andthe M aetaConcrete
Industry Ltd, amanufacturer of
concreteproducts, haveconducted a
development project, aimed at getting
thistechnology ontothemarket. Three
SOLARCHIShouses, builtinthe Shonai
district, havebeen monitoredto
demonstratetheir energy performance.

The Project

The design of the SOLARCHIS solar
house, asillustrated in the figure,
includes the following features:

v Largewindowsfacing the south
and open ceilings of the lower
floor in the south-side zone of the
house, to allow as much sunlight
aspossibleinto thehousein
winter. Insummer, the deep eaves
shadethewindows.

v Wallsandfloorsconstructed of
concrete, whichfunction asthermal
energy storagematerial: inwinter,
theconcretestructurewithlarge
thermal massstoresthe heat from
thesun and radiatesthestored heat
intotheroomwhentheambient
temperaturehasfallen (direct heat
gain/solar natural heating). In
summer, thestructurestorescold
fromthenatural ventilationthrough
theopenwindowsand theopen
ceilings, and absorbsheat fromthe
roomby thedifferencein
temperature (cold storageinthe
structure/natural cooling).
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v Insulation applied to the exterior
wallsand theroof, and double
or tripleglazing for the
windows.

v Grid-connected photovoltaic
arraysand solar collectorson
theroof.

By these means, the SOLARCHIS
house can keep acomfortable
indoor climate with minimum back-
up heating even under severe winter
conditionsand can achieve
considerable energy savings.

The SOLARCHIS solar houses
monitored are two-storey buildings
with thelower floor of precast
concrete construction and the upper
floor of wooden structure. They use
triple glazing with innermost or
outermost panes of low-emissivity
glassfor all windows. Any back-up
heating necessary inwinter is
provided by underfloor electric
heating. The houses are:

v thelyamaAutonomous House,
the SOLARCHIS developer’sown
dwelling, builtin 1995;

v theHouseof the Sun (Taiyono
l€), builtin 1996 asamodel
house demonstrating
environmentally-friendly
architecture by the city of
Sakata, the centre of the Shonai
district;

v theOnumaHouse, adwelling
and shop completedin 1997.

ThelyamaHouse, with atotal floor
areaof 126.6 m2, excluding the
solarium and other attached parts, is
equi pped with a3 kW, photovoltaic
system. A solar water heater,
installed in an attic covered witha
transparent roof, produces domestic
hot water at 50°Cina300 litre

storage tank. Food is cooked mainly
by asolar steam cooker withthe
support of an electromagnetic
induction heater which useshigh
temperature solar domestic hot water
fromaZ20litre storage tank, heated
by asecond solar water heater. An
induction cooker and other electric
cooking means are also used when
necessary.

TheHouse of the Sun hasatotal
floor areaof 313.5 m2 (thelower
floor of 198.0 m2, the upper floor of
115.5m2). It isused asan meeting
hall for the citizens of Sakataand has
a10kw, photovoltaic systemand
evacuated tubular solar collectors
heating water storedina300 litre
tank. The cooking systemissimilar
tothat used inthe lyamaHouse.

The OnumaHousewith atotal
floor areaof 277.5m2 hasa4 kW,
photovoltaic system and evacuated
tubular solar water heatersand
storagetank with atotal capacity of
320 litres.

Performance

Backed by the power supply from
thepublic grid, al the SOLARCHIS
solar houses use only natural energy
and grid electricity.

Duringtheperiod April 1996to
March 1997, thelyamaHouse
imported 3,597 kWh of day-time
eectricity and 10,147 kWh of night-
timeelectricity, atotal of 13,744kWh
fromthegrid. It generated 1,716 kWh
by itsphotovoltaic systemand
exported 1,071 kWhtothepublic
utility giving anet annual back-up

€l ectricity consumption of
12,673kWh, ie100.13kWh per m2
of floor area.

During thesameperiod, the House of
the Sunimported 10,394 kWh of day-
timed ectricity and 19,044 kWh of
night-timeelectricity, atotal of
29,438kWh. It generated 8,084 kWh
by the photovoltaic systemand sold
4,372 kWhgiving anet annual back-
up electricity consumptionfor the
building of 25,066 kWh, ie

79.96 KWh per m2 of floor area.

Back-up heatinginwinter for
dwellingsinthe Shonai district
normally consumes|arge amountsof
electricity. However acomputer
simulation of room temperatures
showsthat the SOLARCHIShouse
hardly needsback-up heatingin
locationswherethereisample
sunshineinwinter.

Economics

Photovoltaicelectricity soldtothe
public utility receivesthesameunit
pricesastheenergy chargedto
consumers(day-time:

JPY 28.59/kWh; night-time:

JPY 6.85/kWh, where JPY isthe
Japaneseyen). Thenet annual
electricity expensesafter the
deduction of el ectricity salesrevenue
intheyear 1996/97 were

JPY 163,325,ieJPY 1,290.5/m2 at
thelyamaHouse, and JPY 371,302,
ieJPY 1,184.4/m2at theHouseof the
Sun, whicharevery low comparedto
thosefor ordinary houses.

Theconstruction costsof the
SOLARCHISsolar house, excluding
the costsof aphotovoltaic systemand
asolar hot water system, are

JPY 150,000-240,000/m2—nearly
thesameasthecostsfor ordinary
houses.
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The House of the Sun (Taiyo no le).

Please write to the address below if you require more information.

Design Company

Solar Architecture Studio
66-8 Y amadate-kitayama
Hirata-machi, Akumi-gun
Y amagata999-6724, Japan
Contact: Takeshi lyama
Tel: +8123452 3281

Fax: +8123452 3282
E-mail: iyama@afc.co.jp

Manufacturer
MaetaConcreteIndustry Ltd
6-7 Kamihoncho, Sakata

Y amagata998-8611, Japan
Tel: +81234235111

Fax: +81234 24 7002
E-mail: S027@maeta.co.jp

Information Or ganisation

NEDO I nformation Center
Sunshine60, 30F

3-1-1 Higashi-lkebukuro
Toshima-ku, Tokyo 170-6028, Japan
Contact: Mr Takashi Y onehara

Tel: +81 339879412

Fax: +8133987 8539

E-mail: caddet@nedo.go.jp
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CADDET Centre for Renewable Energy
ETSU, Harwell

Oxfordshire OX11 ORA

United Kingdom

Td: +44 1235 432719

Fax: +44 1235 433595

E-mail: caddet.renew@aeat.co.uk

International Energy Agency

The International Energy Agency (IEA) isan
autonomous body which was established in 1974 within
the framework of the Organisation for Economic
Co-operation and Development (OECD) to implement
an international energy programme.

Printed on environmentally friendly paper.

CADDET

CADDET was set up in 1988 as an |IEA Centre for the
Analysis and Dissemination of Demonstrated Energy

Technologies. Today, there are two CADDET operations:

oneis for energy-efficient technologies and the other for
renewable energy technologies. The Centres co-operate
with member countries in the exchange of high quality
information on energy technologies.

Disclaimer

Neither CADDET, nor any person acting on their

behalf:

(a) makes any warranty or representation, expressed or
implied, with respect to the information contained in
this brochure; or

(b) assumes any liabilities with respect to the use of this
information.

See the whole range of CADDET Renewable Energy projects on www.caddet-re.org
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