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ABSTRACT 

As earth's environmental problems have become a global issue, lots of energy saving 

measures have been taking effect. After the Tohoku earthquake that happened on 

2012.2.28, energy generation systems utilizing renewable energy have been being paid 

attention again. In this study, we make mathematical models of a solar hot water heater 

and a PV that combines with CO2 a heat pump water heater and battery, new technologies, 

and we evaluate their effectiveness by numerical simulation. As a result, the possibility 

of making the net amount of secondary energy consumption throughout the year zero is 

clarified 
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INTRODUCTION 

As earth's environmental problems have become a global issue, so lots of energy saving 

measures took effect, such as the adoption of the Kyoto Protocol for reducing greenhouse 

gases and the suppression of carbon dioxide emissions as global warming 

countermeasures. With such a background, we provide some design methods which 

utilize natural energy to achieve the goal of a Net Zero Energy House. Photovoltaic power 

generation (PV) is a major way to create energy from natural energy and is expected to 

prevail more and more. Even though these ideas have been spreading, it is still hard to 

cover the entirety of energy consumption with PV due to low conversion efficiency and 

high weather dependence. However, the possibility to achieve Net Zero Energy with PV 

is increasing by reducing energy consumption in house with recent high performance 

houses and equipment.   
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On the other hand, solar hot water heaters are one of the best ways of saving energy for 

hot water supply although it hasn’t really been paid attention recently. Solar hot water 

heaters have high conversion efficiency and low manufacturing costs so they are highly 

evaluated as an economical method. Then a lot of countries, especially China and Europe, 

have introduced it. Nevertheless, it’s still spread has been stagnating in Japan on the 

grounds that the development has been delayed or the government doesn’t have an 

effective support program. After the Tohoku earthquake, happened on 2012. 2. 28, people 

rediscovered the importance of natural energy, so energy generation systems utilizing 

renewable energy such as solar power have been being studied intensively again. 

 

RESEARCH OUTLINE 

Research object 

In this study, the combinational effect of a Hybrid Solar System that combines a typical 

technique with natural energy, a solar hot water heater and a PV system, and other high 

efficiency equipment such as CO2 refrigerant heat pump water heater and battery are 

examined by numerical simulation. Numerical simulation is conducted by THERB, 

dynamic simulation software, which can estimate temperature, humidity, sensory index, 

and heating/cooling load for multiple zone buildings and wall assemblies. Built 

simulation program of mathematical models of each device are coupled with THERB in 

order to verify the dynamic characteristics of each piece of equipment to power and the 

water supply load of the building. As a result, the evaluated energy saving or reduction 

effects of environmental loading and the possibility of making the net amount of 

secondary energy consumption through a year to zero are clarified. 

Figure 1 Summary of Net Zero Energy House 
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Research methods 

Figures 1, 2 illustrate a Summary of a Net Zero Energy House and the floor plan of a 

monitoring house, which is constructed at Kitaku, Kobe-shi, Hyogo. Tables 1, 2 show 

calculation conditions and calculation items and factors. In this study, the factors that 

were involved in energy consumption are classified by building specifications, equipment 

specifications and lifestyle.  

The new energy saving code house is considered as a standard and by changing each 

parameter level, the effect of each energy saving measure is clarified and the energy 

consumption in the subject house is calculated. 

Figure 3 shows the flow of the numerical simulation. “THERB for HAM”, heat, air 

and moisture simulation software, calculate cooling and heating load. Then the“Heat 

Source Characteristic Model of home user air conditioner” uses that data in order to 

predict energy consumption for cooling and heating. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 Calculation items and factors 

Table1 CalculationCondition 

Construction Method

Cooling July 1st ～ September 30th
Heating December 1st ～ March 31st

Calculation period interval
Air supply

Calculation Area

Weather Condition

Person staying in the room
PV size

Wooden House

Air Condition
Intermittent Air-conditioning of Each

All day Air-conditioning of Whole building

Calculation period

10 minutes
0.5 times/hour

Kobe City

AMeDAS Weather Date ; Standard

3 People
25.5328㎡（3.9kW）

Item Change Factors
Ceiling/Floor/Exteroir wall

Window
Eaves

Lighting
Home Appliances
Air Conditioner

Hot Water
Preset Temperature of AC

Airconditioning Space

Building
Specification

Insulation/
Heat Barrier

Lifestyle Circumstances

Equipment Efficiency

Figure 2 Floor plan 
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THE EFFECT OF ENERGY-SAVING 

Figures 4, 5 show the electricity consumption of whole day air-conditioning in summer 

and winter, which are changed with each parameter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Flow of numerical simulation 
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Figure 4 Change of AC’s electricity consumption in summer 

Figure 5 Change of AC’s electricity consumption in winter 
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Building specifications 

The roof, exterior wall, foundation and windows improve their insulation performance in 

order to reduce cooling/heating energy consumption. 

High-performance phenolic-foam insulation is used for insulating material. The window 

is changed from a single glazing to an argon-filled double glazing with a low-e sheet. 

With these changes, thermal insulation performance improves. Then electricity 

consumption is reduced by 26% over the course of a year. However the starting load also 

increases owing to the thermal storage of internal heat generation. Changing the window 

has a larger effect than changing the insulation material. 

 

Equipment specifications 

In addition to building specifications, LED is used for lighting, all home appliances adopt 

the top runner approach and a CO2 refrigerant hot water heater is used for hot water 

supply in order to reduce energy consumption from equipment. The top runner approach 

means to use equipment that has one of the highest efficiencies in the market. Changing 

lighting and home appliances makes for a 51% reduction, a 46% reduction for cooling, 

and a 49% one for heating. 

Electricity consumption for cooling/heating is affected by energy generation from 

lighting and home appliances. 

 

Lifestyle 

Not only building and equipment specifications but the lifestyles of the residents, such as 

pre-set temperatures or heating/cooling spaces, can reduce energy consumption. Cooling 

temperature is set to 26 degrees as a standard and changed to 28 degrees, heating 

temperature is changed to 20 degrees from 22 degrees. The heating/cooling space is set 

only in the main room, LDK, bedroom and child room. Then these changes make a 47% 

reduction of energy consumption for cooling/heating. 

 

Combined effect 

Figure 6 shows combined effect of each energy conservation measure. The far left end is 

the control and the measures are added one by one from left to right. The change of 

specifications reduces 58% of the annual energy consumption from the standard. Then 

the combination of those with changes of lifestyle such as pre-set temperatures or spaces 

for cooling/heating can also help. In addition, the difference between intermittent air 

conditioning and whole day air conditioning is about 800Wh for a year. However, by 

combining each energy saving measure it becomes about 150Wh. 
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PREDICTION OF ENERGY CONSUMPTION 

Numerical simulation calculates the energy generation from a PV system and compares 

it with the annual energy consumption in order to estimate net energy consumption.  

The PV system generates about 2500Wh at most during the daytime with large solar 

radiation. Then as the specifications are improved the energy surplus becomes larger, 

which means more energy can be sold to electricity companies. 

Figure 7 shows monthly energy consumption and generation in a target household using 

top runner equipment. In winter, solar panels can only get low amounts of radiation so 

generation becomes low. In spring and fall, the amount of solar radiation is almost same 

as in summer but the PV system can generate more energy. It comes from the fact that 

the PV system has a temperature characteristic that the amount of solar generation 

decreases as the solar panel temperature gets hot and due to this the power generation 

efficiency decreases in summer.  
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Figure 6   Combined effect 
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Figure 7 Electricity consumption and generation by months 
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It is hard to cover all energy consumption needs only with PV in a house installed with a 

3.9kW PV system from Dec. to Mar., which is part of the heating period, because energy 

consumption is larger than energy generation. On the other hand, generation becomes 

larger than consumption from Apr. to Nov.. Then the PV system generates 4191kWh 

through a year and the Net Zero Energy House is clarified. 

 

ENERGY STORAGE 

Batteries can store electricity in order to utilize surplus energy and move the peak of 

demand from daytime to night-time, when electricity rates are lower. Then, the reduction 

of electricity charges are aimed at. A battery has a 8.96kwh storage capacity, with 

4.48kwh only for emergencies. Not only the loss from charge and discharge but also 

deterioration due to age are considered as a 15% loss, which is over about 10 years. 

Table 4 shows ways of how to operate batteries. In this study, 3 methods of use are 

considered. “Sell pattern” charges the battery using midnight power, which is cheaper 

than daytime power, from 23 ~ 6. During the daytime, energy generation from PV is 

mainly used to cover energy consumption but discharge from the battery when 

consumption exceeds generation. If surplus energy is generated, it is sold to an electricity 

company. “Charge pattern” is mostly the same as the “Sell pattern”. The only difference 

is the way it uses surplus energy. In this case, it is used to charge the battery if it is not 

full. The “Self-sufficient pattern” is the method of using surplus energy as much as 

possible. The battery is only charged with surplus energy. However, that means that the 

amount to sell decreases so profit decreases as well. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Table 4 3 ways to operate battery 

Table3 spec of battery 
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CONCLUSIONS 

・Using numerical simulation, predict annual energy consumption in the house, then 

consider effective energy-saving measures. 

・By combining the change of Building specifications, Equipment and Lifestyle, energy 

consumption can be reduced by at most 60% when heating/cooling is intermittent for 

each building, and at most 62% when heating/cooling is used 24h for the whole 

building 

・Estimate the amount of energy generation with photovoltaic pro-gram and compare it 

with annual energy consumption. Then clarify the possibility of Net Zero Energy. 

・Combine Energy saving, Energy creation and Energy Storage, then the amount of 

purchase becomes about 1500kWh for a year 
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Table5 Effect of battery 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
272 286 334 457 443 412 398 399 347 317 302 261 4228

Buy[kWh] 543 486 452 262 252 228 266 263 230 254 265 488 3989
Buy[Yen] 10366 9108 8355 4744 4724 4381 5676 5646 4626 4743 4775 9160 76305
Buy[kWh] 369 327 322 189 189 183 187 196 169 209 206 344 2890
Sell[Yen] 8925 9499 11046 16023 15000 13786 11038 11230 10656 10635 10324 8614 136776

Profit[Yen] 2914 4307 5983 12971 11976 10870 7671 7650 7560 7110 6782 2998 88793
Buy[kWh] 517 456 432 261 244 220 222 224 219 265 284 479 3822
Sell[Yen] 7826 8394 10597 16959 15995 14801 12499 12818 11974 11487 11135 7979 142463

Profit[Yen] 2108 3608 6388 14816 13997 12996 10681 10977 10180 9290 8758 2957 106755
Buy[kWh] 443 395 372 223 211 189 190 190 183 219 230 230 3076
Sell[Yen] 6668 7458 9742 16495 15581 14409 12105 12383 11523 10931 10490 7037 134822

Profit[Yen] 2557 3855 6485 14665 13853 12861 10549 10823 10022 9136 8603 3208 106617
Buy[kWh] 323 285 243 73 50 33 25 29 33 69 95 304 1562
Sell[Yen] 5786 6607 8611 14829 13797 12687 10298 10622 9860 9287 9052 9052 120487

Profit[Yen] -2613 -718 2494 13274 12741 11987 9762 10003 9153 7816 7011 1200 82111

Saving

Saving
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Creation

Self
sufficiency
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+
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+
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