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Objective

* To design the optimal district heating system
(DHS) based on the heat density map.

* Feasibility study using inventory analysis in
Hirosaki city, Japan.
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2. Methodology



Methodology

+ Heat demand by types + Ratio of Renewables
+ Floor area + Heat load by hour + Carbon reduction
+ Building type « Electricity demand

« Pipeline layout « Pumping power + Network configuration

« Pipe length + Piping cost - Heat loss from pipe
+ Heat Resistance of pipe « linear Heat density

« Candidate of constraction = - heat efficiency « Heat source location
« Location constraint « Constraction cost « operating ratio
« Heat to Electricity ratio « Amount of supply




Making heat c
| Reference [17] Reference[18]

*Building location *Building category *Building name
(Base map) (Residence, Other) *Building category
*Floor area *Building name (small classification)
(Floor number) *number of
*Building category household in
(Large classification)  apartment
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Location
adjustment
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Spatial data combining
[

v

Data combining by building name

ensity map

*Monthly fuel consumption
Reference [20] by building type
————  -Annual energy demand in residence
Reference [21]
—————) -Monthly demand pattern by building type
Reference [22] | - Hourly demand pattern by building type

Hourly heat demand by building type
(Monthly energy demand + Number of days
x Hourly demand pattern)
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Data combining by building type
Enegy demand estimation (number of house x enegy intensity, floor area X energy intensity)

Heat demand map



Demand calculation

Residential heating demand

dmd “P2eHeatng _ opal - SHdmd x month _loadptrn

m,i, Residence

Residential hot water demand

Hotwater annual _ HWdmd Household
dmd X Ni

m,i,Residence — 12

Commercial heating demand

dmd SpaceHeating

m,i,commerce + Econs

= (Fcons,, .

Commercial hot water demand

Hotwat .
dmd; ;0 =min_Fcons, A x A,

m,type

Spaceheating Household
m,Residence X Ni

—min _Fcons,,,, —min_ Econs,,,, )% 4,

i,Commerce type

dmd,,, Demand [MJ] A Floor space [m?]

annual SHdmd  Annual heating [MlJ/year] min_Fcons,,,, ~ Minimum unit fuel consumption of [MJ/m?]
demand building type

annual HWdmd Annual hot water [Ml/year] min_Econs,,,, ~ Minimum unit electricity [MJ/m?]
demand consumption of building type

annual Edmd Annual electricity [Ml/year] Feons,y,,, Unit fuel consumption of building [MJ/m?]
demand type

NHousehold Number of [-] Econs,,, Unit electricity consumption of [MJ/m?]
household building type
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Reference: Hulgl /RERE i1 F51F (554hR) (in Japanese)
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Network layer

L =mm.L_ +min.L__

pipe h

min. L., ‘Minimum mail pipeline length by Dijkstra's algorithm

min. Ly, : Minimum branch pile length



System diagram
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Objective function

capita networ electricity

Capital cost

Conpital = E (Cyary cap;, +Cyy, " Nb; *BU,,)-CRF, + E (CT5S,-cap™™ + CS, - Nb, - BUFS)- CRF™S

1

1,0 1
_int(1+ int)""
(L+int)" -1

O&M cost

+C

input_elect

Cosm = Crat +C

maintenance

day. -cfuel -G, .
Cuel = Z VoSl G x Season,,
m,h,i,t eﬁ(f.

- CSAL

Ceapital Capital cost [JPY] Coar Unit capital cost [JPY/kW]
Coam O&M cost [JPY] Cix Fixed cost for a new facility [JPY]
Cetwork Pipeline cost [JPY] Cap Facility capacity (kW]
Cousosm DHS O&M cost [JPY] Nb Number of buildings [-]
Cetectricity Electricity cost [JPY] BU Binary parameter = {0,1}

Cour Electricity sale revenue [JPY] CRF Capital recovery factor [-]

] Node number int Interest rate (=0.03) [-]

t Heat source life Life time [year]
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Pipeline cost

Pipeline capital cost

C =C. +C

network pipe pump

.CRF P'PE

pipe iL,j,r

C,.= 2 cpipe, -distance, ; - BP

l’.]?"

Cpump = E (Cpump . Capipump + Cé?;tmp . BUipump) . CRF Pump

var

1

DHS O&M cost

C . C
Chasoem = ( L e x (0.02

C RF PIPE C RF PUMP

Coipe Pipeline capital cost [JPY]
Coump Pump cost [JPY]
cpipe Unit pipeline cost [JPY/m]
distance Distance between nodes [m]

BP Binary parameter = {0,1}

i Node number

r Pipe radius
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Parameters

Minimum Maximum Minimum
Capacity Capacity  Load
[kW] [kW] [Yo]

Car Cix EBya s EB iyt life  effecect €ffnee HER  fuel cost
[JPY/kW] [JPY] [kW/kW] [kW] [year] [-] [-] [-] [PY/MI]]

gas engine 180 5,200 50 104,305 25,057,000 0.0252 6.5127 15 04 035 1.14 2.0/6.0
biomass boiler 100 5,000 30 78447 37,290,000 0.013 2217 15 0 0.8 0 1.03
air-source HP 2.5 - 0 68,779 342,620 0 0 13 0 DS 0 5.8
oil Boiler 100 - 0 6,755 1,208,600 0.0063 -0.9417 15 0 0.8 0 1.7

Hair-source heat pump's COP is calcurated by following equation. ~ COP = -0.07(T gini-T air )+5.83

[19] SRR, 32 F 54— TS B — M H- 532, R T ST, V8 R SEAR, J 7 WA FEAS 0, TR B T, = R L & — ik L BREERIS ~ A 7 1 277 ) RO RVF —@fiia et 2 MEENG I Ear e
B#f, vol. 76, no. 763, pp. 409—411, Mar. 2010.

[20]35 USRI I PR BT A8, A DB 36 1T 2 MEECHI ISR I 55 1 X 0> = 0 /L 2 — i AR A BE 3~ 2 P20 S G LR B EBMIBMIB EHIK O~ 1 7 v 77 ) v BRI T D F MG A F— 24
DOBAFE", BAT R X223 vol. 89, no. 7, pp. 658664, Jul. 2010.

RIIAARTLEMR, "RAAT A a =Yz x L—r 3 VST —4 2014",2014.

[22] H AR )L —FEBIFSEFT, "EDMC/= 1L X — - R EHAHET",2014.

[23]A & & —, "LPGBE A 4" hitps://oil-info.ieej.or.jp/. [Last accessed: 03-Dec-2014].

[241EBLT, "Mt F4E£ 22" htps://www.keisan.nta.go.jp/survey/publish/30930/faq/30975/faq_31004.php. [Last accessed: 16-Jan-2013].

RSRASHEZRMEREE U 7 7 A X E Ll B 1L X — 8 RS, "REAA A~ AR, T —8A - #AICBD D FEH T F A b

[26] 1L/ R4 (LT, "< | L T HIEE = R L F— B2 3 v, 2007.

[27]— BT A S I 2, "Rk T Bt 2012, pp. 1-1474.

[28] & E AL 2, ERR264F FE /A 4k T 97 15 BT (FEEXH)" . http://www.zenken-net.or.jp/labor_cost/price/. [Last accessed: 04-Nov-2014].

ROV v & —, "R/ NIEAAE KA Y U 2 R - AT RIS, 2012.

[30]M. T. Rees,J. Wu,N. Jenkins,M. Abeysekera, "Carbon constrained design of energy infrastructure for new build schemes", Appl. Energy, vol. 113, pp. 1220—-1234, Jan. 2014. 14



Pipeline parameters

DN Diameter R  Capacity Cost
[mm] [mm] [W/m] [M]] [JPY/m]

50 51 1,663 2,929 19,625
100 % 1,139 10414 32,325
150 137 942 21,386 52,625
200 182 703 37,743 60,625

250 225 597 57,684 78,525
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Temperature in Hirosaki city
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3. Results and discussion



Heat density map (mesh type)
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Heat density map (detail)

Average heat density: 2.01 TJ/ha
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District heating network

=5 Source
L
Sink

Individual
DN50
< DN100
"“ DN150
25 g
DN200

DN250

\ N
0 1 km
L e e b
= D\@ Energy center _ % OB : Oil boiler

;E BB : Biomass boiler
= S HP : Heat pump

GE : Gas engine

HS : Heat storage tank
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Heat generation facilities

Hotel N Hospital
. HP 850kW
OB 100kW
HP 500kW HS 120 m® | Source
GE 800kW i Commercial Sink
HS 50 m* HP 1200 kW
HS 200 m? Individual
Hospital - Commercial ——— DNS5O
OB 500k W25 OB 200kW
HP 3000kW %5 GE 1070 kW DN100
BB 4800kW HS 150m?
GE 5200kW —— DNI150
DN200
Hotel
OB 730 kW DN250
HP 1070 kW

S 80m’
Household L L L 1 L 111 1]

HP 240kW
HS 16 m? OB : Oil boiler

=Y 7 oo \@
o
= 3% HP : Heat pump

BB : Biomass boiler
GE : Gas engine

HS : Heat storage tank
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Hospital
Node 6
(Source)

Commercial

Node 13
(Sink)

Hotel
Node 28
(Sink)

Operation details

‘ — Demand[GJ] ~~~~ Supply[GJ] ’

Summer Intermediate Winter
@M
B . . ’ -
Gas engine Biomass ! e
B N - / =
/"\._ \\\\\ ’,/ ¥ b S B

Heat pump LIty

DHS

s

1 5 9 13 17 21
time [hour]

1 5 9 13 17 21
time [hour]

1 5 9 13 17 21
time [hour]




System performance

BAU DHS
Primary energy consumption 1,130 956 Tl/year
CO, emission 73,400 48,800 t-CO,/year

Heat supply cost 2-3 1-2 JPY/MJ




Error of the demand calculation

Actual data Calculation
Hotel 1 3,940 3,984
Hotel 2 14,070 14,561
Hotel 3 2,545 2,542
Commercial 1 20,434 25,875
Commercial 2 15,702 17,892
Commercial 3 6,863 10,627
Hospital 1 8,300 8,221
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4. Conclusion



Conclusion

Optimal district heating system 1s designed in Hirosaki city.

Although the heat demand density in Hirosaki 1s smaller than
the city area target 4.2 TJ/ha, the small scale DHS can reduce
the CO, emission using biomass boiler.

Gas CHP and high efficient heat pump can reduce the primary
energy consumption and CO, emission.

Hospital 1s main target because of the stable and high heat
demand, and the location.



