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This research work is about the Modeling, Simulation and Optimization of
Domestic-Size Renewable Energy Systems with special emphasis in Cold Climate
Regions. The interest in domestic-size systems was borne out of the fact that more than
half of the total energy consumptions in very cold regions emanate from space heating of
residential buildings during the cold seasons. Recent researches indicate that the
consumption of energy for room heating per person in Hokkaido is more than 3.5 times
greater than the average consumption in Japan, and that almost all energy sourcés (more
than 90%) for room heating is oil. As a result, in Kitami city for instance, more than 50%
of annual anthropogenic CO, emission originates in the residential sector, compared to
other sectors such as the transportations and industries. It is therefore desirable that
efficient domestic-size renewable energy systems be .realized in order to reduce or
completely eliminate the dependence on heating oil for room heating and thereby
sigl?ikkﬁclzgnﬂy reduce the CO, emissions from the residential sector in cold regions like
Hokkaido. .

A basic domestic-size renewable emergy system was proposed and analyzed
numerically, and five other configurations and improvements of the basic system were
considered in order to clarify the best system configuration for cold climate regions, with
Kitami City as a.case study. In all the system configurations, the solar energy collected
with an array of photovoltaic (PV) panels. or PV/thermal collectors (26m®) as well as
underground geothermal energy drawn with a ground-source geothermal heat pump
(GHP) were used as the primary renewable energy sources; and all the systems were

tailored to a residential household of four persons. Hot water is drawn directly from a
storage tank for hot water supplies and thermal energy is also drawn from the tank for
room heating through a heat exchanger. The thermal sources of the tank are the thermal
energy from the hybrid solar panel and/or the GHP and a 10kW auxiliary boiler. The
electric energy produced by the hybrid solar panel or the PV cell can be sold to an
electric company via an inverter. '

_Since annual estimations are very crucial for system evaluations and in order to
objectively evaluate the cost merit and the feasibility of any renewable energy system, it
is necessary to devise a simplified method for estimating the annual performances and
energy balances of the system, as opposed to continuous daily simulations (365 days)
throughout a whole year. The accuracies of five simplified meteorological data models
were examined by comparison with the results of detailed real-time continuous
simulations using actually measured data during a selected period (May 2002). Based on
error analyses, it emerged that a Double Grade 1 Meteorological Model is adequate for
estimating seasonal energy balances, from which annual energy balances can be made.

In this meteorological data model, system simulations are made using only two
representative days (Clearest and Cloudiest) during each season of the year, and the
daily results (in each season) are multiplied with clear and cloudy day ratios to arrive at
the seasonal sums. Annual results are then obtained as the sum of the seasonal results.

Detailed numerical studies revealed that the hybrid solar panel is insufficient for the
production of thermal energy during very cold seasons because of excessive low ambient
temperatures resulting in high heat losses from the solar collector. The percentage of the
thermal enefgy produced by the hybrid solar collector to the total thermal supplies for
room heating and hot water consumption, was less than 7% during the winter season
even in the improved systems. More than 90% of the desired thermal energy for
household use, could be supplied using the GHP. For most of the system configurations
considered, the system running cost and the CO, emissions were drastically reduced
(below 40% and 16% respectively) compared to an equivalent conventional,
non-renewable energy system. Numeérical studies also revealed that a compact system
configuration, with two small storage tanks, each for hot water supplies and room
heating respectively, lead to higher system efficiency compared to systems with a single,
large-storage tank that supplies thermal energy for both hot water and room heating. In
this compact and optimized system, the use of the auxiliary oil boiler was completely
eliminated and all the room heating was achieved using the GHP.

An actual renewable energy house located in Kitami City was also studied and
analyzed using numerical simulation studies and actual monitoring/measurements. The
house is equipped with a floor heating system which is powered using only a GHP
throughout the year. Actual monitoring and continuous measurements for a period of one




year showed that even during very cold seasons, the GHP can supply all the thermal
energy for room heating:and there is no need for any other auxiliary heaters, which are
the same conclusions that were reached using detailed numerical system studies. Annual
energy demand for room heating was well predicted within several percent of error. Simulation
studies also indicated that the use of only the GHP in the actual renewable energy house
reduces the system running cost and CO, emissions to 47% and 49% respectively,
compared to an equivalent conventional system (a system without the GHP).

Initial cost considerations were also done for GHP-only powered renewable energy
system. Presently, one demerit of renewable energy systems is their very high initial
costs. A detailed cost analysis revealed that if the cost of heating fuel keeps increasing (a
reasonable assumption) up to ¥120/L, then the payback ‘tgeriod for a GHP-powered
renewable energy system is about 14 years. If 30% of the initial cost of the GHP
renewable energy system is funded by the government or some other agencies, this
payback period reduces to about 10 years. -

WMNEETGROER

AFRITIERDO L 5 RELHIZENT, KB R AR —L i@t — k¥ 7 (I TGHP LB
i) DEABRTRINFE -V AT AL > TRREESDOABRE % 7 5 HFOIAELAIH
TAZELZEMLTS, ETBEOBRIRNF—V AT ADZRINE—NXZHEIZFRTS
Iu/Zha—FzREL, HEHOFROINLELHECENHBEETV (1E28850
HETHEERD) 2REBLE, REZAEFRICAR LEFEBETFLV LBLADETER= XL
X-WEPHELERR, FHLARTINE—VATAZRED LICL -2 TELHOLRE
HEEHPROIZELNRTEZILERLE, ¥ABER (PV) . XEBEMEHSRE X UGHPRE
HEDLRIGREAD VAT AZONWT YV RAT LABBORER X CZEBERE (CO2) DERICERY
MAERR, KBBREBBRCRERHMOBALZORBEOTRRE UNENR 2P, £ XS
RBLTRLTHLGHPO A CRBEERWEES L 2R L, PURXLVZEFRA LSS, T
A P—T+ITHRA F2MEBERMI AT AL UTCOHEHBE L S =7 ar dtic
HUBIZEMTE A L BALNIERoN, PVRRNVZH X RWEATHRFOKE RIEMSHR
DY, GHPV AT ADYEEHM FRTINRITR LIz, EHITEFRFEIX2004EERTI

REFEINEGHPY R T A% 2 3 FREFAMEBICHA RS, 20060 BENBEFREZER
ERHEIZH LB 7 % Thoi,

UEEET AT, FHREAREAMIIBITAGHPY AT AQORRAELZITRT 3 23k, 80
TeHOEMBEFZLALNPIZLELOTHY, THEORBITH D T2 I BEHIIT O AR
NWNH—=V AT LADRALLBREE LLBRTS2bDOTH S, Lo THEHFITIRIKEL(T
F) ORAEZRESNDIRENRDH LOLBD S,




