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ENERGY CONSUMPTION OF HOUSES UTILIZING NATURAL ENERGY
AND THE ISSUES INVOLVED IN REALIZING ZEH
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In recent years, Japan and the rest of the world have been aspiring for the development of net zero energy housing (ZEH) to reduce
greenhouse gas emissions. In this study, the actual energy consumption of high thermal performance houses with solar and natural
energy utilization systems is clarified. These houses have small energy consumption (energy costs) and a comfortable living
environment. In comparison to the design value of primary energy consumption, which is used for the ZEH assessment criterion in
Japan, the actual measurement value is 17% lower than the design value. In order to achieve ZEH using a 3 kW photovoltaic power
generation system, whose implementation is feasible on popular house types, the improvement in the building’s thermal insulation

and solar shading performance as well as the utilization of solar heating and hot-water systems is also needed.
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Fig.2 Plan view (Type B1)
Tablel Outline of the houses
Establish
(completion) 2013
Structure Wooden skeleton/infill structure, 2 stories
Number of :
residents Average 3.4 (2-5)

Air-conditioning
system

Air-type solar floor heating system
+ Room air conditioner
+ Kerosene heater (1house), etc.

Hot-water system

Air-type solar water heating system
+ Gas water heater (Latent heat recovery-type)
Hot-water tank: 300L

Total floor area

Average 103.9 ni
(Type A,B1,B2: 104.3 nf, Type C:102.7 nf)

Heat loss Q : Average 1.87 (1.85-1.88) W/ni K
coefficient Ua : 0.53 W/ni K (Type A)

Solar gain i Average 0.047 (0.043-0.052)
cummer na: 2.1 (Type A)

Solar collector
area

Average 10.5 (9.1-11.7) nf

PV capacity Average 2.97 (2.69-3.13) kW

PV power : 0 9 i

generation ;Iilﬁgl(l)lrllep\l]Z.SAn (Cell 18.6%) / Single crystal
efficiency

Window Low-e pair glass + plastic combined aluminum
specification sash

Heat insulation

Roof: phenol foam 90mm

Wall: high-performance glass-wool 105mm
material Floor: phenol foam 60mm (Foundation: 90mm)
Table2  Content of the survey

Measurement -
period 2013.10~2015.9

Account record

Energy purchase amount and utility costs
(Electricity, Gas, Kerosene, Water,

Electricity consumption, collected heat,

HEMS data system movement, etc.

Measuring Indoor temperature and humidity

instrument (Living room, bed room and 1F or 2F hall)

Advance - - -

questionnaire Family structure, previous house, interest ,etc.
uestionnaire Energy saving consciousness, used equipment,

about how to live

thermal comfort, energy saving behavior, etc.
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Table3 Design primary energy

Design Standard
primary primary
energy [Gd] energy [GJ]
Primary HeatlniZ o
energy air conditioning,
consumption | ventilation, 40.2 61.1
hot water supply,
lighting
Other )
(house electric 20.5 20.5
appliances etc.
Reduction by solar
power generation -12.2
ete.
Total 48.5 81.6
Reference Solar power
value generation 27.2
Selling power 15.0
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Table4 Actual emission factor

Actual emission
factor

Tokyo Electric Power Company,
H25 year number

Tokyo Gas

Electricity | 0.53 kg-CO2/kWh

City Gas 2.21 kg-CO2/m3N

Propane gas 70wt%, Butane gas
30wt%

From materials of Ministry of
the Environment

LP Gas 0.059 kg-COz/MdJ

Kerosene | 2.489 kg-CO2/L
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Fig.10 Secondary energy consumption and self-sufficiency rate
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In recent years, Japan and the rest of the world have been aspiring for the development of net zero energy housing
(ZEH) to reduce greenhouse gas emissions. Toward that end, it is required that the conditions necessary to achieve
ZEH are clarified with regard to electricity generation using a 3-kW photovoltaic (PV) system; because the
implementation of PV systems is feasible on popular house types in the crowded Japanese cities. In this study, we
examined the actual energy consumption, carbon dioxide emissions, and thermal environment of high thermal
performance houses with solar and natural energy utilization systems. Additionally, we compared actual
measurement values to the design values of primary energy consumption that is used for the ZEH assessment
criterion in Japan. The issues involved in achieving ZEH are also discussed.

The major findings of this study are as follows:

+ The examined houses exhibit “nearly ZEH” performance according to Japan’s ZEH assessment criterion.

+ The total energy consumption of the examined houses amounts to approximately 60% of an ordinary house’s total
energy consumption; purchased energy amounts to approximately 50% of an ordinary house’s purchased energy.

+ The examined houses’ reduction rate of CO2 emissions amounts to over 75% reduction. Thus, it was observed that
greenhouse gas emissions are greatly reduced.

* The energy costs of examined houses are lesser by approximately ¥223,000 per year (¥18,000 per month) compared
to the energy costs of ordinary houses. Demonstrating the cost efficiency of energy-efficient housing contributes to
the spread of ZEH.

+ After accounting for domestic use including home appliances, the energy produced from solar power using a PV
system with a capacity of approximately 3 kW, results to approximately 63% of energy self-sufficiency. To achieve
ZEH (including their home appliances), additional energy-saving measures are required, such as improving
thermal insulation, switching to high-efficiency appliances, and residents choosing more energy-efficient life-styles.
Additionally, energy producing measures such as solar heating and hot-water systems should also be considered.

+ Energy self-sufficiency with regard to total energy consumption excluding home appliances was calculated at 94%
(or 106%), assuming that the home appliance use accounts for 33% of total energy consumption (or 20.5 GJ per
year), which is similar to the design value of primary energy consumption. This means that the examined houses
are almost achieved ZEH (excluding their home appliances).

+ The actual measurement value of total energy consumption for the examined houses is approximately 83% of the
primary energy consumption design value. This difference results from the non-consideration of the contribution of
solar heating and hot-water system toward the design value. If the calculation method of primary energy
consumption considers various additional energy-saving measures, the popularity of energy-saving measures as

well as the popularity of ZEH can increase.

(2017 4 4 7 10 HIsAa2 30, 2017 429 H 7 HIRHPUE)
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