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1.1 What is NEXT21? NEXT21

An experimental multi-unit housing complex constructed to propose and
demonstrate an ideal style of urban multi-unit housing for the near future

. Outline
Completion : October 1993
Location : Tennoji Ward, Osaka City

Site area : 1,543 m?

Scale : 6 floors above ground and 1 basement floor
No. of units : 18 units (floor area: 32 ~ 166 m? (average 115 m?))
Total floor area : 4,577 m?

Green area : 934 m?
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1.2 History of Experimental Multi-Unit Housing ProjectNneEX<T=1

2?)13 Environmentally friendly,
spiritually rich living

Rhasel4]

Housing and energy systems
2007 Phase 3 that support sustainable urban

living
2000 Phase 2 Special consideration for the global
environment and comfortable daily living
1994 Phase 1 ‘S‘;imult?nﬁous rfalization of Actual dwelling experiment by Osaka
c ege CUINEEITRCUECVEEEU I Gas’s employees and their families
_,Slgnlflcances environment-friendly living”

Demonstration model of
sustainable housing, characterized
by long-lasting skeleton and infill

Opportunity for
experimenting, monitoring

emonstration model

. B Housing suitable for aging society . .
of environmentally with declining birth rate and evaluatlpg hOI.I_S?I_‘IO|d ppliances
symbiotic housing m Renovation experiment | and housing facilities/systems
W Large-scale greening of building B Promotion of communityamong = FUE|CE||f0HrEﬁqLéSEhO|d use
' : m
B Energy-conscious ad\{anc.ed energy system residents R e T
Design You B Energy-saving lifestyle household equipment

WDA...... ),
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1.3 Phase 4 Habitation Experiment Concept NEIFD]

Envisioning urban multi-unit housing up to 2020, Phase 4 of the NEXT21 experiment
reviews the relationships among people, nature, energy and housing, in quest of

“environment-friendly, spiritually rich living.”

Environmentally »
friendly, spiritually.__§
rich living i

Reconstructing the
relationships betwee
people and nature

Creating
people’s
networks

Realizing a smart,
energy-saving
A style of living

Design Yo ¥

WABRSHA

E\ngur iment | J,n

Verification and proposal of

housing and living that can
realize a diverse range of
future lifestyles

Experiment with

\_\_egw, ; |E:,n| ‘e;r&gt /,Say;s.t,egm
- Demonstration ofnext-: )
genera |on energy system '
that will'help realize the

smart multi-unit housing
complex

Phase 4 of the experimental project has
been under way since June, 2013.
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1.4 Outline of Energy System Experiment NEXT21

* Demonstration experiment aimed at further energy saving, CO2 emissions reduction and energy self-sufficiency
by effectively using gas co-generation system in concert with the characteristics of the multi-unit housing
complex

* This presentation focuses on demonstrating the energy supply system that used SOFCs (ENE-FARM type S).

Solar energy  Storage
Solar heat %nera attery

Decentralized installation of SOFCs,
m and energy interchange

O
2 |
(@]

E ‘:Self;sustainedelectricitysupply(during.outageﬁ[

+ Testing operation of compact SOFC prototype

- S = ; E * Interchanging generated electricity and combining
BF | [ ' ._ _! SOFCs’ exhaust heat with solar heat
COWILL FC | [fcosozq | PEFC|

=l = Interchange . )
(Winter) U - ofhoat EDemand response scheme and reverse flow operation
- - A 1 Intercha " . . . .
5F|s SOFC | [SOFC | [SOFC " ergf_ T‘gesmra . + Saving electricity and upgrading CGS’ generation capacity
’7 » sleciicty battergy * Maximizing energy-saving capability by reverse flow
[ operation
4 E :

Constructing a self-sustained power system that
SOFC| [ SOFC] .

operates during outage

Utilization of hot

- = -—»I' =| ] » Ensuring independence with central CGS that can operate
3F Ly COQW IE ] [; u even during outage
C0JOzZg | "soFc | | SOFC| [ECOJoz + Electricity generation by SOFC in each dwelling using
1 L ] independent sources of electricity

v Common use space on BF ~ 2F

Introduction of HEMS
Use of desiccant : - .
—— s + Installing HEMS tablet in each dwelling
garbagoml — [ i _» ‘q system * Verifying performance of next-generation HEMS

genlg?a{t]%n Pretreatment Gas Hotwater Atz:srﬁlrlgtrson
equipment equipment  engine tank heater
Cold/hot water air-

Dlu-wdmv ng
i icondiioning system

E Combination with renewable energy
R, i » Combining with solar light, solar heat and biogas

WAKBRAAX 6



1.5 Demonstration Experiment of System that Uses SOFCs
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» Demonstration of system that maximizes the potential performance of SOFC

» Evaluation of energy-saving performance, identification of optimal specifications and operating
conditions, clarification of problems to be solved before practical use of system

| e
1113

Current -
model

Original ﬁ
model

Higher generation efficiency
than grid electricity generator

Generation
efficiency (%)

Exhaust heat
recovery
efficiency (%)
(In terms of LHV)
2.6 14 09
ECOWILL ENE-FARM ENE-FARM
esign Your Energy [ ssz566% (PEFC) Type S
Q?ﬂlihx (SOFC)

Contents of Demonstration Experiment
(presented today)

"
® Reverse flow/interchange demonstration of

electricity generation by SOFC
= Making the most of high generation efficiency
in rated operation
B Heat interchange demonstration of system
that uses SOFC’s output and solar heat
= Compensating for low heat-to-power ratio by
combining with solar heat
M Test operation of next-generation, high-
efficiency SOFC prototype

= Pursuing the possibility of further efficiency
enhancement and downsizing
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2. DEMONST "T’l’“o'“ ' # REVERSE FLOW
AND INTERCHANGE OF ELECTRICITY

Reverse flow and interchange of electricity generated

- - 4 dwelling units on 4th floor
Demand-response (DR) scheme - - - 3 dwelling units on 6th floor

(SOFC installed in 1 dwelling unit)
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2.1 Outline of Demonstration System NEIT21

' Making the best use of electricity through high-efficiency generation of electricity '
exceeding consumption of each dwelling unit

Reverse flow operation (24 hours)

Reverse flow Rated
JEEIMBRE  ooaation  Reverse flow operation in daytime (7 am - 11 pm)
Interchange of surplus (700 W) Reverse flow on DR scheme (DR time zone) — Accompanied

electricity among dwelling units

by residents’ electricity saving
Rated - Interchange or storage of surplus electricity in battery

Interchange amon , o g .
1ange : 9 operation, °Determininga combination of SOFCs to be interchanged to
dwelling units on . . . :
toextent minimize CO, emissions, based on electricity consumption
same floor , : : :
possible  and heat stored in hot water tank of each dwelling unit
M Image of reverse flow operation of system B Interchange among dwelling units on same floor
gt Electricity that can be
gg exportedto grid __Interchange of electricity 1
g s [ # — ———— F
g5 _700W/ - | = | -_—\| | W T “
S 5 Electricity generate ﬂa -—i !E i] il EE EI: = a i@
S E by fuel cell . E - Storage
> & > battery
i ' Midnight 6:00 am /12:00 noon \ 6:00 pm Midnight
Indication of
Peak demand- Peak demand-cutting " Icaf:g&%pr:ﬁ,rx J
esignvour energy swmzmme cUtting effect of effect of surplus Reverse flow

widespread use electricity reverse flow
”*Bﬁﬁx P y operation control PC
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2.2 Continuous Reverse Flow Demonstration Results @ NEXT21

Since electricity could be generated at rated output of 700 W for 24 hours, it became
possible to export surplus electricity to the grid (inside the complex) at dawn and during
daytime, when less electricity is consumed.

(kw) [Example of continuous reverse flow operation at dwelling unit #301: winter (February 19)]
2.5

2.0
| I ‘2 Electricity consumption I
£ 15 -
g
o 1.0 Electricity generated by SOFC
700W [ EES

I
0.5 Generatlon of electricity SOFC (reverse flow) Hw M&Mnl ‘ u l ' ' '
FV*'y
w Amount of electricity generated by SOFC (self-consumption)

0
3:00am 6:00am  9:00 am 12:00 noon  3:00 pm 6:00 pm 9:00 pm  Midnight

.. Average generation Exhaust heat contribution
(kwh) | Generated electricity J (%) efficiency (average output)J (%) to hot water supply load J

20 - 60 - 80
Increase by 40 - Increase l?y 60 - Increase by
0 13.8 points 25.8 points
75 20 | 32'314\:\!) (700W) 20 ‘41.0
0 | | 0 | | 0
vesinvoureneray 5asmae N0 reverse  Reverse No reverse Reverse flow No reverse Reverse flow
flow flow flow flow

Q’*Bﬁbx * Average value for 81 days from December 2013 to June 2014 10
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2.2 Continuous Reverse Flow Demonstration Results @ nj&3¢+=1

Since electricity could be generated at a rated output of 700 W for 24 hours, it
became possible to reduce purchased electricity, primary energy consumption

and CO2 emissions.

Purchased electricity J
(kWh)
10 - Decrease by 85%
o 9.9
Decrease by 39%
2.4 =
' |1 5
0
No No reverse Reverse
SOFC flow flow
(ECOJOZV)
99*5&1:1

Primary energy consumption J CO: emissions J

(M) (Kg-CO02)
300 15
Decrease by 54%
Decrease by 36%
y 0
200 - Decrease by 22% 10 - Decrease by 397%
3.7 'l
100 Yy 190.0 5 - 10.1
8.6 6.2
0 0
No Noreverse Reverse No Noreverse Reverse
SOFC flow flow SOFC flow flow
(ECOJOZU) (ECOJOZU)

* Average value for 152 days average from December 2013 to June 2014 11
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2.3 DR Reverse Flow Demonstration Method @ NEXT21

@ Electricity saving by residents on of grid
@ Increase in electricity 1:!’“!@!1;
generated by SOFC nsumpton

* Summer: 1:00 pm -4:00 pm (3 h)

A LEEEEAR | Winter: 9:00 am - 9:00 pm (12 h)

CPP (increasing electricity rates during DR time zone)
» Summer: ¥60, ¥80, ¥100/kWh
* Winter: ¥40, ¥60/kWh

* Normal unit rate: approx. ¥20/kWh

DR scheme

Comparison with average daily consumption during three
days having atmospheric temperature nearly equal to that on
the day DR scheme was introduced

Effect evaluation
method

12
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2.3 DR Reverse Flow Demonstration Method @ NEXT=21

S NG S aN )] o]

One day in advance, request to 2 ,_\7 H’ Ah ALK —

save electricity was
co m m u n i cated to res i d e nts Vi a "FSEB%PA]a‘?ﬂﬂf'igg)ifjj&i?:if;ﬂﬂiﬁgbzt:;i;:Tff,:)-%b‘muuf:b&‘ﬁ

HEMS terminal display and mobile <11 NETTEY wssasi NERERI =isi=]

phone e-mail.
B{EE TOMBREMRIR o a:h
* DR time zone SUONTE I— BB HBOHI
[ 8.9 wh EHEES &7 w  0.5kwn ]
* Electricity rate e 16.Siwn RO
.l 768r % ® 10.1kwn m]

.

S ARSI DRARR < P ‘

Request displayed on HEMS terminal B ‘

A

Electricity demand

Increase of
generated electricity

In DR time zone, SOFCs
were subjected to
automatic rated operation.

everse flow

700W

Electricity demand/generation

Design Your Energy [ mozma%

”*BR’JZ 1:00 pm 4:00 pm 13

v
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2.4 DR Reverse Flow Demonstration Results @ NEXT=21

Electricity saving by residents and increase in electricity generated by SOFC doubled DR effect.

(kW) Example of DR reverse flow operation (dwelling unit #603: winter (January 16))
/_[ Electricity consumption on DR day
15— tld {" Average daily electricity consumption - .
ectricity generate i imi
N by fuel celion DR day ! on day similarto DR da_y;ﬁ : j
et = - \
S Contribution of reverse | ==~} '
£ 10 flow from SOFC S l ',
2 | b il Qe
[N ) [ ] 0 ] ] 1 l \ ¥ 7 [ I
L -y I | ! ] 4 v et
05T ™M™ 2 1y VA RNE K'Y Thged ' '
Contribution of electricity v, '
0 saVing by rESidents L L L L 1 1 1 L L L L L L L L L
3:00 am 6:00 am 9:00 am 12:00 noon 3:00 pm 6:00 pm 9:00 pm Midnight
Electricity consumed "> Electricity generated
1

6.4 ( NoDR 5.4 Increase

Electricitysaving Decreas w 2 8% in electricity generated

Increase bw.O%
36 ( DR iﬂ

Decrease in 0.8 .' Amount of
purchased electricity - H reverse flow

Design Your Energy [ ®#288% # Decrease in grid «
0 i  Dwelling unit # 603: average value for 8 electricity consumption (Unit: kW/h)
&*BR’JX days from January 16 to February 14 5.8

14
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2.4 DR Reverse Flow Demonstration Results @ NEXT2]

Effect of DR on reduction of electricity consumption

11 Average for day similar to DR day . "' Average for day similar to DR day
(kWh) <Summer> v Average for DR day (kWh) <WInte r> . Average for DR day
6 6
5 Decrease Decrease
"g' 2 d 5 by 15% < by 18%
s O ]
o N4 Decrease Decrease 4 —
8 E by 27% - by 56%
> =3 o Decrease o 3 53 |54 —
807 i by15% 37 A 9 5 4
87 2.6 '
s 6 Mo 6
o 1.3 1 0
¥60 ¥80 ¥100 ¥40 ¥60
m m pm m m
* Three dweling units: average for each electricity rate * Three dwelling units: average for each electricity rate
during 4 days from August 27 to August 30 during 8 days from January 16 to February 14

Examples of electricity saving measures taken by residents in DR time zone
(questionnaire/hearing results)

* Shopping in DR time zone

* Use of gas range instead of electric kettle and microwave oven

* Turning up air conditioning temperature from usual 23°C to 26°C (summer)

* Finishing microwave oven and dish washer/dryer usage by 9 o’clock (winter)
meene/m2= e Jsing floor heating system instead of air conditioner (winter)

WABRHA 5



2.5 Reverse Flow/Interchange Demonstration of Electricity e,
Generation by SOFC  Conclusions

 Reverse flow of surplus electricity generated for 24 hours at rated output

power enabled SOFC to increase electricity generation at high efficiency,

sontnuou
w - thereby contributing to significant reduction in purchased electricity and

CO2 emissions.

* Electricity-saving measures taken by residents and increase in electricity
generation by SOFC halved grid electricity consumption.

 Setting electricity rate at ¥100/kWh led to remarkable reduction of

WRAIEVETse

y electricity consumption.
» Opinions/requests of residents (questionnaire/hearing results) are as
follows:

Design Your Energy [ Fsamae
WABRAR 16



2.5 Reverse Flow/Interchange Demonstration of Electricity e,
Generation by SOFC  Conclusions

 Reverse flow of surplus electricity generated for 24 hours at rated output

power enabled SOFC to increase electricity generation at high efficiency,

rand

gontinuou
‘r.\. -

W |t was difficult at first to understand the merits of cooperating
with DR.

B Taking electricity-saving measures was not in itself troublesome.
B Show typical examples of electricity-saving measures.

B Forced household appliance control (turning off air conditioner, ricity
changing temperature setting etc.) was unfavorable

- . UGI.I.IIIu wivwil IUII.J TCULWLGY UL TIVVINNTTYIL IVUW W IVIIIJUdI NUNIV TUCVUWLIVIL W]
WRAIEVETse

y electricity consumption.
» Opinions/requests of residents (questionnaire/hearing results) are as

follows:

Desn Yo Evry e Advice function will be added to HEMS in future.
WABRHA 17
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3. HEAT INTERTTI-TANGEWI{)E 'CI\&TRATION OF
SYSTEM THAT COMBINES SOFC HEAT AND

-"s'a;‘?sfx‘i” Fﬂm lﬁg 1
(3 dwellmg umts on 5th floor + Solar panel (6 m?)
R “‘5 AN

- .\\\ 3
> \ !

18
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3.1 Outline of Demonstration System NEXT 21

In consideration of improvement in electricity generation efficiency of SOFC
and consequent decrease in exhaust heat in future, shortage of thermal
output in winter was compensated for by solar heat.

Plate heat exchanger An SOFC will be installed
Circulati additionally in another dwelling
ireuiationpump y unit by the end of this year

Solar panel (6 m?) -G
= Z Z= _;'ﬁ‘é/ SOFC
AT T
e Tl i
a :,3_ = :3‘ [ | =
Heat interchanger r
v v
Shared hot Electri
ectric- . -
wata?]rotf"k operated Single-loop piping H
\ (' valve
AR
Y

Operation method
* SOFC in each dwelling unit was subjected to electrical power operation as usual.
* Heat collected by solar panel was stored in shared hot water tank.
ooy swssna: ¢ Heat was distributed to each dwelling unit through single-loop piping.

9?*3&1:!1

19
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3.2 Demonstration Results @ NEXT=21

Establishing control system that enables maximum use of heat interchange further
increased the quantity of heat receivable by each dwelling unit and reduced heat
dissipation loss from single-loop piping.

Plate heat exchanger

g Improvement 1

Furtherincrease in’quantit
of heat receivable Adjustment of heat receiving/discharging temperature

by each’dwelling unit condition (decline from 35°C min. to 20°C min.)

An SOFC will be installed additionally in

Circulation pump another dwelling unit by the end of this year

/

Solar panel (6 m?) |
= = Z= = 7 SOFC
= = = = [ | =
e » L;_ I/ s
Heat interchangeT r
\Q v v
Shared hot :
water tank Electric- : .
200L operated Single-loop plplnw
N o valve
E A
Further,reduction of heat JENZ
C!'SSI'p?t'O" Ic_)s_s from Improvement 1 Improvement 2
smg S opplpmg Adjustment of hot water circulationrate in heat FRestriptiog of Eeat interpgap%e time zone dur
Design Your Energy [ #a 380 interchange piping estrictedto 6 pm to midnight time zone during
; e (Changed from 4 L/min to 2.8 L/min when no heat which demand for hot water is high)

WABRSIA

is interchanged)

20
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3.2 Demonstration Results @ NEXT2]

Improved operation control conditions enhanced solar heat utilization rate.
26% 40% 60% - - - Solar heat utilization rate

3 I Solar heat

100% _ Sty [ --------

80% - Reduction of heat energy

input from auxiliary boiler
91 43 by approximately 25%

60% i 53 " aw -
Auxiliary boiler

40%

20% - 46 38 44 SOFC'’s exhaust heat

Breakdown of water-heating energy sources

0% - — - : - :
Original stage Improvement 1 Improvement 2
Improvement{of e Hot water circulation rate in heat * Heat interchange time
lcontrollmethod! interchange piping was adjusted. zone was restricted.
* Heat receiving/discharging
Design Your Energy [ Baszma% 1t1 1 . . . L
temperature condition was adIUSted- y, * Total for three dwelling units during one week in winter

PKBEHA 21
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3.2 Demonstration Results @ NEXT2]

« Storing solar heat in the daytime and using it intensively in the time zone of high hot
water demand reduced heat dissipation loss from piping, which was effective for
energy saving.

* Heat interchange improved primary energy saving rate by 4.3%.

® Quantity of recovered solar heat and

heat received by each dwelling unit M Primary energy saving effect
(kW) Accumulation (MJ) (MJ)
; OIS0 W noo g T .
TR 60 ‘g -|5- . .
- [Quantit)«r of heat received ] Accumulation 0 2 5 4600 Reduction—Reduction—
S 6 by all dwelling units ° c by 11.6% by 15.9%
< g 5 © S
o) . - S S, 4400
2 Quantity of recovered solar g >
b= heat (quantity of heat stored in 40 8 %
S 4 shared hot water tank) &5 > 4200
o - 30 © ©
Fry £
= ‘s 4000
c o
2 0 g
o
10 3800
0 == . - 0 3600 | |
7:00 am 12 : 00 noon 6:00 pm 11:00 pm EJ+ purchasing  SOFC SOFC + solar
. . . Utilization of electricity heat utilization
Storing heat in daytime R ek system

Design Your Energy / Bo3mee
* Total for three dwelling units on March 17 * Total for three dwelling units during one week in winter
WABRHZA
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3.3 Conclusions for Heat Interchange Demonstration of s oo
SOFC + Solar Heat Utilization System NEXT21

In the case of solar heat utilization, operation control conditions had considerable
energy saving performance. In this demonstration, the quantity of heat to be intercha ;
heat receiving/discharging temperature condltlon and heat utilization time zone were adjuste(}k
As a result, solar heat utilization rate and energy saving performance were |mpi'oved IS

In winter, the dependence of hot water supply load on solar heat reached 13%, whilethat on
SOFC’s exhaust heat was 44%.

= Reduction of heating energy source used for auxiliary boiler by approximately 25%
= Improvement of energy saving rate by 4.3%

We will continue demonstration experiments to further verify control conditions and evaluate
energy saving performance. In particular, we will assess the possibility of specification/control
optimization and further energy saving by conducting simulations under predicted conditions
based on measured data (number of dwelling units, scale etc.).

esign Your Energy [ Ex280%

QIAIAR S — N
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4. TEST OPERATION OF NEXT GENERATION
HIGH- EFFICIENCY SOFC PROTOTYPE

¢ kel "m;m T i
( An SOFC prototype was mstalled in one
dwelling unit (no resident) on 3rd floor

24
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4.1 Outline of Next-Generation,High-Efficiency SOFC Prototypene&><i=1

An SOFC that is easy to install in multi-unit housing complex dwelling unit because of its
compactness and extremely high electricity generation efficiency
m Target specifications ® Advantages

<External appearance of SOFC prototype>

ocovery ate 435% a0  Buitinradisor -

<Lower heating values>
m System configuration (plan)

* Homogenizedheat distribution in stack . }E?
2014 model Next-generation model «Improved heatinsulation performance

* Improved combustion characteristics : 1
Hot-water heating unit 'I'@
that uses exhaust heat =
N Backupwater | M Installation flexibility (idea)
Radiator ol !~ & # heater T ; :
L ¥ ! <Multi-unit housing complex>  <Detached housing>
Backup water heater || :i =
: i1 T Hot water tank
i , -l £ 5 10-30L
oo oRE” | 5|
womae  Powen | < ]
Electrici - S ,
ge Hon : :l°: | L/ Radiator
% nit \ : { Electricity — —
Design o — --- : : Keeping in mind the possibility of
il - [ generationunit combination with water heater

”KWDJK T o used in existinghousing 55
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4.2 Trial Operation Results NEXT21

» Transmission end electricity generation efficiency of 55% (LHV) during rated operation and high partial load
performance were confirmed.

» We will strive to commercialize the SOFC prototype as early as possible, by using equipment manufacturer’s
mass production technology, finalizing total system specifications including exhaust heat utilization, and
verifying reliability/energy- saving performance.

M SOFC prototype installed in dwelling unit M Generation efficiency test result

60 1 _ SOFC prototype: 55% P ——
3

Backup boiler

30

S

X

-

£

oy

kS

O

S 40 -

S Conventional

2 __SOFC: 46.5%

o 30 i

(] I

o) I

2 5 )

(}] t

- |

g 1

g 10 :
High-efficiency =— || &~ kS E
generation unit . ‘ 0 —>

£ . 0 200 400 600 ' 800

AC output (W) Rat%gl‘lntlput:

QIKIAR ' %
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5. Conclusions NEXT=21

Promising systems that can be operated by interconnection with ~§0FCskw
installed in actual dwelling units for demonstration. Improvement of operatir

conditions and other factors enabled these systems to achieve antlmpate‘
performance levels.

We will continue demonstration experiments to evaluate yearly energy-saving
performance of the systems, as well as to review their operating conditions and
specifications.

The system demonstration results can be used for multi-unit housing complexes,
detached houses, smart communities and other societies.
In parallel with demonstration experiments in NEXT21, we will study the following:

| Verification of the performance and operating conditions of
specific systems by simulation in various buildings
| Development of engineering design specifications
| Institutional design/request for business schemel/feasibility and introduction
of the systems

Design Your Energy [ B 2888%
WABESA
27
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