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Abstract

Due to the availability of storable and adjustable properties, it is
more suitable for short-term stable power supply and auxiliary services
in microgrid or regional power grid than solar photovoltaic or wind
power. The Institute of Nuclear Energy Research (INER) has built the
pioneer microgrid facility that can be integrated into the Taipower
system. INER also has the manufacturing equipment and processing
capabilities of biomass. If integration of existed microgrid technology
into biomass field achieved, it will be beneficial to implement policies

and deployment of distributed generations (DGs).

Referring to the current development trend of biomass energy in
various countries, this project will analyze different scales of power
generation based on different national conditions and will provide some
suggestions for the roadmap of new technologies. Since the biomass
combustion still emits carbon dioxide, the latest recycling technology is
the synthesis of methane from CO2 and hydrogen. The project will
conduct a feasibility assessment to expand possibilities for future

bioenergy applications.
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W TABLER26. Global Trends in Renewable Energy Investment, 2007-2017

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Billion USD

Technology Research
Government R&D 27 28 54 ‘ 49 48 47 52 45 44 51 51
Corporate R&D 32 36 38 ‘ 39 45 4.2 4.0 39 42 4.2 4.8

Development / Commercialisation

Venture capital 21 33 16 ‘ 27 27 26 11 1 15 1.0 10
Manufacturing

Private equity expansion capital 35 6.9 32 ‘ 55 24 17 14 17 18 17 0.8
Public markets 20.8 10.8 127 ‘ 108 9.9 4.0 10.2 15.1 12.0 6.1 57
Asset finance ‘ 151 | 1356 1204 ‘ 155.2 | 1901 | 1694 | 1593 ‘ 201.3 | 2524 | 2156 2161
(re-invested equity) ‘ 2.6 3.6 19 1.5 1.8 26 1.0 3.3 6.1 29 31
Small-scale distributed capacity ‘ 14.0 221 | 330 ‘ 62.2 ‘ 75.2 716 @ 544 ‘ 60.0 532 431 494

Total New Investment 158.9 181.4 | 178.3 | 243.6 | 287.8 | 255.5 | 234.4 | 284.3 | 323.4 | 274.0 | 279.8

Merger & Acquisition

Transactions
59.1 613 651 60.0 740 | 669 68.1 881 984 155 1140

Solar power ‘ 387 61.5 64.0 ‘ 103.3 1581 | 1405 | 1199 | 1453 @ 179.3 H 136.5 @ 160.8
E Wind power ‘ 60.9 748 79.5 ‘ 101.5 87.2 83.6 86.4 107 | 1247 | 1216 @ 107.2
n Biomass and waste-to-energy 229 175 151 169 @ 202 15.8 14.0 127 94 73 47
Hydropower <50 MW 6.5 ‘ 76 . 6.2 8.2 76 6.5 58 70 . 3.6 ‘ 39 . 3.4
u Biofuels ‘ 274 18.2 10.2 ‘ 10.6 106 7.2 52 ‘ 52 35 21 20
(2) Geothermal 17 17 2.8 ‘ 29 3.9 16 28 29 25 25 16
ISA Ocean energy 0.8 0.2 03 ‘ 0.2 0.2 0.3 0.2 0.3 0.2 0.2 0.2

Source: See endnote 26 for this section.

B2 T HARREIKELREHE (REN21L > 2018)
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CHP system Advantages Disadvantages Available sizes
Spark ignition High power efficiency with High maintenance costs. 1kW to 10
(SI) part-load operational Limited to lower MW in DG
reciprocating flexibility. temperature cogeneration | applications
engine Fast start-up. applications.
Compression Relatively low investment Relatively high air High speed
ignition (CI) cost. emissions. (1,200 RPM)
reciprocating Has good load following Must be cooled even if <AMW
engine (dual capability. | re?covered heat is not used. <80 MW Tor
fuel pilot Can be overhauled on site High levels of low frequency Low speed (60-
ignition) with normal operators. noise.
275 RPM)
Operate on low-pressure
gas.
CHP system Advantages Disadvantages Available sizes
Steam turbine High overall efficiency - Slow start up. 50 kW to
steam to power. Very low power to heat several
Can be mated to boilers ratio. hundred MWs
firing a variety of gaseous, Requires a boiler or other
liquid or solid fuels. steam source.
Ability to meet more than
one site heat grade
requirement.
Long working life and high
reliability.
Power to heat ratio can be
varied.
Gas turbine High reliability. Require high pressure gas or | 500 kW to 300
Low emissions. in-house gas compressor. MW
High grade heat available. Poor efficiency at low
No cooling required. loading.
Output falls as ambient
temperature rises.
Microturbine Small number of moving High costs. 30 kW to 250
parts. Relatively low mechanical kW with
Compact size and light efficiency. multiple unit
weight. Limited to lower packages up to
Low emissions. temperature cogeneration 1,000 kW
No cooling required. applications.
Fuel cells Low emissions and low High costs. 5 kW to 2 MW

noise.

High efficiency over load
range.

Modular design.

Fuels require processing
unless pure hydrogen is
used.

Sensitive to fuel impurities.
Low power density.

16
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Table 1-3. Comparison of CHP Technology Sizing, Cost, and Performance Parameters

Technology Recip. Engine Steam Turbine Gas Turhine Microturbine Fuel Cell
Electric efficiency (HHV) 27-41% 5-404% 24-36% 2-28% 30-63%
Overall CHP efficiency (HHV) 77-80% near 80% 66-71% 63-70% 55-80%
Effective electrical efficiency 75-80% 75-77% 50-62% 49-57% 55-80%
Typical capacity (MW) 005-10 b¥ ‘e"w‘“"d’e“ 0.5-300 00310  (200-2.8 commercial CHP
Typical power to heat ratio 0512 0.07-0.1 06-1.1 05-0.7 12
Part-load ok ok poor ok good
(CHP Installed costs ($/kW.) 1,500-2,900 $670-1,100 e 2,500-4,300 5,000-6,500
(5-40 MW)
Non-fuel O&M costs ($/kWh.) 0.009-0.025 0.006 to 0.01 0.009-0.013 0.009-,013 0.032-0.038
Availability 96-98% 72-9%% 93-96% 98-99% >95%
Hours to overhauls 30,000-60,000 50,000 25,000-50,000 40,000-80,000 32,000-64,000
Start-up time 10 sec 1hr-1day 10 min- 1 hr 60 sec 3 hrs-2days
y 100-500 50-140
Fuel pressure (psig) 1-75 n/a —— A—— 0.5-45
PR ot gpy natural gas, synthetic
LPG, sour gas, natural gas, sour gas, | hydrogen, natural gas,
Fuels 3 . all gas, landfill gas, and R
industrial waste gas, 2 liquid fuels propane, methanol
fuel oils
manufactured gas
space heating, hot  [process steam, district 3
Uses for thermal output water, cooling, LP | heating, hot water, et ot wete; LPAHP) ok water‘, e hot water, LP-HP steam
; steam heating
steam chilled water
Power Density (kW/m?) 3550 >100 20-500 570 520
0,013 rich burn 3-way |Gas 0.1-.2 Wood 0.2-.5
NO.t(‘Ibll Mrm:]CR cat. Coal 0.3-1.2 0.036-0.05 0.015-0.036 0.0025-,0040
POt ockuceg ) 0.17 lean burn
0.06 rich burn 3-way Gas 0.4-0.8
NO. h
n?’t(i':cll t’:v ‘;g“)'““’ cat. Wood 0.9-14 052131 0.14-0.49 0011:0.016
"8 0.8 lean burn Coal 1.2:5.0.

* power efficiencies at the low end are for small backpressure turbines with boiler and for large supercritical condensing steam turbines for power generation at the high end.

& A R IR:EPA, Catalog of CHP Technologies, 2015
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R4 R B HARE E A e 2 S A S R R AT AR A AT ]
Typical MW/minute Ramping Capability

Type Ramp Rate Down Time Up Time

Solar 200 MW/min 0.5 min 0.5 min
Pump Hydro 200 MW/min 0.5-1 min 0.5-1 min
Hydro Reservoir 150 MW/min 1-5 min 1-5 min

Wind 30-60 MW/min 1-2 min 1-2 min
Gas Turbine 20-50 MW/min 2-20 min 2-20 min
Nuclear 20 MW/min 1 hr 1hr

Ngas / Steam 10-20 MW/min 1 hr 1 hr
Oil / Steam 1-7 MW/min 2-10 hr 4-12 hr

Coal / Steam 2-4 MW/min 4-48 hr 8-24 hr ;

ko TR 5 AT 0 ARIEARE EA AT AL X B IRTE X
A1 IRIFR B4 T ¢

O $AZ%AE (Frequency Response )

@ JE A e (Reactive Power)

@ &R % 4% (Voltage Management )

@ % %1% (Inertia)

O #4452 (Reserve Power)

RBEN KA BEEOEETHEE > EFERATBERE X ZR
REGHENT > HRELZERART » ZATHES > THRE
BEHERE AL E ZHBIRSS  7RF) 85 Bh AR A5 AE A B R 4w
Bl ST BMPEINERALEERER -
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Nuclear Inter- Wind Thermal Solar Batteries Pumped
connector (Gas, coal Storage
& biomass)
Generation N
FR =2 4 “
Frequency c R
response Partial Yes Partial Yes No Yes Yes
Reactive "
power Yes Yes Partial Yes No Yes Yes
Voltage E
management Yes Yes Partial Yes No Yes Yes
Inertia Yes No No Yes No No Yes
Reserve ¥ Partial ¥
power No es artia es No Yes Yes
=2y N~ .
& kR R https:/www.drax.com
Timescale of Grid Reliability Functions (< 1Day)
- Fi y Control / Ramping Short-run regulation ensures supply Reserves are staggered by response time such that
meets demand every minute while there is backup generation for the grid at various
[ voltage Control load following ensures plants follow ponse times (seconds, mi tens of )
- Reserve Capacity the trend in demand throughout

" C CommnoResenes
Fonuany corrl enuses ht e G55l C owrolowng

synchronized and stabilized for normal
o s sy e
controlled in stages that range from
seconds (inertia) to hours (spinning

1. AGC and operational fexibilty ~ Regulation

of generation resources are critical to

maintain frequency control. ;
- Frequency Responsive Reserve e
 Govemor's/AGC Response throughout the day. It is location-specific
and requi ive power i from
oh to mainta
Cycles Seconds Minutes Hours 1Day
Notes and Sources:
[1] Adapted from Kirby, Brendan, "Potential New Ancillary Services: Developments of Interest to Generators * August 2074,
[2] NERC, *Special Report: Ancillary Service and Balancing Authority Area Solutions to Integrate Variable G " March 2011,
(3] Kirby, Brendan, "Ancillary Services: Technical and C ial Insights,* July 2007.

Source: Analysis Group, Advancing Past “Baseload” to a Flexible Grid, June 2017
& #} & IR :Reishus Consulting LLC, Electricity Ancillary Services Primer, 2017

5 7 ] i Bh AR B Z A% F B
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AEN—BEAZBARRBRELZIMEEAARAA BT
HYEARENRKRGAER—BREETRAEER S RENT
FERERBRFEATREE  HFEMANKGATE TR
o S RAAERAEEG (WTFE 6+ 0 BELYA
EFH) A ERABE TR TREAKE S - AEAD -
TRIXEEHIRY > HEETEEABRESE £ 4 S04
ERERELERALLEE (WTEO6F0ZE 10 MAHAIE
e st)

60.02

60.00

59.98
Rate of frequency decline (slope)
is imited by total system inertia

-
contingency reserves will restore

frequency to 60 Hz within the DCS
required 15 minutes

System Frequency (Hz)

59.86

59 .84

Governor response arrests frequency

decline and begins to restore frequency
59.82

59.80
10 0 10 20 30 40 S0 60

Time (Seconds)

Bl6 % A & BT & SIAE

KR RBABEY > RERGHA A A TRETHA
EBEHTIES > BPARBEABBREZES
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TREEEIEE
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W32 oA R

Q Q Q Q

T B 7 & RS2 E M (Supply Side Flexibility) °
T 4B 6 B AR B 49 B R 86 [ o @ AR H 3R AT > o & B E AT
BEAEIRME 0 BP L — A3 ok iR E R IE R T K o

10sec ... 1min ... 10min ... 30 min ... Thour ... 1lday .. days ...

v

<& > & > ca >
*

Regulaion ~Balancing . Unit Commitment Time

Frequency stability Increased need _ Increased cycling,
issues due to high Rate for operating ' s increased challenges to
of Change of reserves ncreased net  gispatch inflexible units
ency A load ramps.

r 3
A 4

= Pooling of resources o
Intra-day markets Co-optimised hydro-thermal unit

Improved VRE forecasting commitment o pERATIONAL FLEXIBILITY

Demand Response EVs v FE— > Power-to-Gas
Power-to-Heat

&

DEMAND SIDE FLEXIBILITY SECTOR COUPLING }

3 Retro‘fitting units, new flexible ul its

> 4+ >

. Synthetic inertia Down regulation by VRE

>

Geographic dispersion of VRE* SUPPLY SIDE FLEXIBILITY

@ < - <+ 3
Flywheels Batteries Pumped Hydro
ELECTRICITY STORAG

B7RSBEERBE LI EEFT R

& #4 R JR: IRENA, Power System Flexibility For The Energy Transition, 2016
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AR S U RAECT 8 A ORHME R 0 I8 o7 A A8 B R
R BlloF REER A EREE  PARMBHBRG A LT
Bh o A HREHBIRT AR B RBE R T 2R AT G T T 5
P ERRAFARTHERMI - RELEETIHE RN - RAE
A BRI REMARALRA TR AE BT SR E B —— -

()R AEE BT TR Y

4% REN21 (2019) " Renewables 2019 Global Status Report |
WENBEEE > dwk 6 7T 0 2018 FEBHARRIEZZ T &K
EhEm@aRE 2018 FRAHRAERELTLERE (ARHERELYE
REERERERBALTEERE) 82017 FRk& 744% > &
2] 130GW > RF WML ERES OGW » 2FAEEABEEZ AR
£ 9.21% 3% 581TWh- tEmmmm s » £ BB RLEE Rb
ZFEER R HRK 2018 FZFEF 5 A 1,120 A A 340
AN

REN21 (2019) 446 4 2018 F 2K A H AL EEHLAT 5 K
BEXREFAHPBEAAME (91.0TWh) ~ £ (69.0TWh) ~ & &
(54.0TWh) ~4&B (51.0TWh) R EE (50.0TWh) > ¥ em
ARBERARALHRELTREETES 3 KAE » FERIRKB AR
BEAEREEZFE S KA ok 7 Hw o
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%62018 FH A fERIEAZ

A B B4 2017 2018
=% |
BARRE N BB Z IR E 108£T 3260 289.0
Th |
BARREERE(H > F2KAEE) GW 1,081.0 1,246.0
BARREER S 2KNEE) GW  2,197.0 2378.0
7Kf7%‘%zz§2?\§‘ GW 1,112.0 1,132.0
AHRERELESE GW 121.0  130.0
AERFHEEE TWh 532.0 581.0
AR ERERE GW 12.8 13.3
KGR EERE GW 405.0  505.0
FRARGRETEERS GW 4.9 5.5
BABEERER= GW 540.0 591.0
ZAe
RIGREBRKERERE GWth 472.0  480.0
E by

A EBEFEE 10 527 1040 112.0

AEEHFAEE 10 &2  33.0 340
SACAH b FE E 10 &~ 6.2 7.0
3 E N REN2I L2 BARBRANREREEBARN TN RREN 5§

BHAERG LB EFELEBEHRE BT TR ALZRE  ARBEFE

BRI S URIRRE AR

F R R © REN21 (2019), “Renewables 2019 Global Status Report”
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R72018 Fo2HAERBETEHLATSAEAR

HAe#T N
e ZES ksy | COEEEE
(GW)
1 + B K 17.8 91.0
2 % 16.2 69.0
3 e & 14.7 54.0
4 18 B 8.4 51.4
5 Ep B 10.2 50.0
AT S RE3t 673 315.0
23 E 131 591

F R R © REN21 (2019), “Renewables 2019 Global Status Report”

OB R AT 445 AT & PRk A R A9 A S 0 2018 FAF AR E
KEBERK21% BEELREF 14% > TRREATERE
REEERALI T =ZR3E (2016-2020) BE ; 2R A 2018 F
PHRABRELTREZZURTEF _RB ERAZHRMA
NEREEE) » URR B HEIBARBRFYmDE oL E 4
THRAMRESAHT M > TAEFEEMAMMAER > £F8E
10 4 G /48 E L2 K A BRI Jo o

2018 FEA/ALKAEATERFTEELZ AR LABHEMNRK
AHRTAMER  HATREEHARKRS R HEE (BeRK
HEEEY) cBEABRMNEZATRETEZ TS (2248
BREE) > NEBRATREFIT B2 1485 F4 0 £4F 2014
Frm kg 2018 FREERKREEZARE 1% (PEHR FIT 34
2018 FAHARBKERLEREED 162GW > bk 16% £ %

5T EH 29TWh (Rk 25%) °

-
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o REAKABEANYZHRT SRAEGTHERBET B LEER
R BHRKFRES  BREAHBLEERTHRIFE S
S BDIRBE R RE NG A > A THRIETRYZERE
18 > A—AE R A 69 BRI 2 & B R Bl K3 o o L FR
B AR TR P R > R E AR A AR e B E AR RS TR 0 A
B o Be BRI B R iR A e i A2 o B A H Ae A B AR BB R 0 B
RARKFR AT » B30 B RETH A E A ERAAN A I T
FLEAGIIEIE - N A H AT TIHESLLA AT -

AERREETRGAETRKAL  ARA BB LR
X—RAERAEEALNEEEZR > MASHLRRENHEL
ERHEH ey TENENAEATER IR TR LOBELA
Rt SHER ESWBERTENERN  PRALHTREEY
T E R e

G E LI AR E WG RAD A R
AT A AR RIED > 2R AR EERBEAE o H
FHEBRIRGEHATEE TSR > SREARUZHFEFER
Mo EFREARNAETREERE AL BR  Ee R AR
CEBRENEE  HIXFETHEAHERS - AFRKHATEHERS
RIGHEAR » BABMBUR RS G S 0 BRI F SR AHFHBARY
AET 90 B R EEM A E B EROBURRY » BRERER
BAEA BEEATREEREERF  ERETREETHE
A&
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(=) B f& A K A 7 357 55 B AR L

ElREA HMMATRR L a4 * TEMHE - TRME  UA
BE - AR KRR A E A E X R B A T ORAE A TR
R @5 BT EY  RARFERE M A R PR RAEY

R AR e T R E 0 R AR BRI M T 0 H
CAEERERBMERREE S &F AR TR - BBRER
B~ URAERAE RS o BRTE T EEMAEAE N A B
BT E st EERMRBRESH T TZRANUEEE
MBIV R EMER IR E 0 B A E RERIR
RAET A

B AR AL B R E w0 T EERHRERNAE > B
HTBRENBEREL SV ARERTRAREERZER »
vl B K P AR B AR RAE A BB AR T F o #1E
VB BB AR N E BIE N EITRE > Bl C ER gD
49 Addis Ababa 7 2017 B 46 L B E S AE R > B & AETASH
FRTRIE 1,400 A8 TR EY > BFHT & 4+ 185GWh &7 (48
EN185EETE) RAKBE 25%EELREE K - 5 H Suez 2 3]
(BEMEE NG ) EHBRAKXEN (Chonburi) FbHEE— K

BEH 8O6IMW B TEBRMBIER TR B BFHTRELY
10 B2 -

T LEMBRBEFTEE  CHERZECAHAEREED
BRAE AR > 4o %L Sandwich B — & 27TMW 4,
EA B NEWAMELMK  BREHLHE TERBERY S
B PR E RIS T N 45 8 Duiven EL£BZ — & 1SMW AE

\\\-
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A B AR DAER T R H B AR A ORE o @ S R AR
BEGE - EAHKA FREHNANHEZEZEN - B KRB

PN B AT ALTRERIZE > UEHARKBEMN - URRA
BN IL A X RFEA AR - RE T A AR B M =TI TS
YEELE — & 44MW A E RSB R > T3 2019 F4& & - B8 4
A # T (Sumitomo Heavy Industries ) E# 48 [ #3] w& w] H1E —
TSMW 4 H R B R > # AR IRBAL R 40)E -

SRTEAARABEE (EZANTR) AEEARABERGEE
BZ 5 EFHEIEKR 2018 & EHHITEL] 3,500 20 (2017 F
# 3,000 H20H) c FRARARBERAZBRAL TR 2018 F
EEA 3 REEY KRB BFATHIE 1,060 & AEARHk
2018 FEEAEEA 730 Z A (2017 FEEAS30 B ) » H
T 540 ENRE 0 EHMBEE > o ERk 6% ERH TR
Mo XUREES > BHABOESS s EAFNATHZHEA K
Bl c 2018 S E KA E 2 &4 270 B8 > EZREHAR
PERE (160 H9 > S ERRBRETE 60%) * BAAA
—EEZTH (60 E4H - EhwERRBAE O E24%) - HKEMN
FlikbARBRERZEEZRAB TR > 2018 FEAE 4 360 &4
oAl 2R LR F K 30% ©

(Z)RME A E AT B
REATHRHBAIIRBRAAE > BRATRE—F EHR 4
fem B AL R A AR ° BRI 7 @ > AR 4E European Biogas
Association ( BATF fi#% EBA) HENB R I BZ %43 » 8 £ 2017
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Fob o BB E R BRT R 17,783 K 0 #2016 F R & 2% °

HA 351 FASFEMERE GFALE Q) ~ #ARMB AT
$EA0I5FERBIRE REEESNIFERK 2017 FE
F 2] 10,532MW > wFEHMERERE A S4TMW » & 2016 F &
£ 5% (GFRAE 9) &M B AT A 540 A H Flhol 0 2017 2
4 19352GWh > AR B S 4A T Fhemm bzt £ 0 4575 B AR A &
kR EZBFE  EHRyTHLIERLG BRI BE &
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BOBMBARELESE

(m9)iR RE A H AE T35 A B A

AR A H IR AR A E W A R 3 F SR S E R (1)
hu Ak R ) IRAER 02018 FARKKREATRMEZ A 1,532
B 82017 Fi k4 684% FREEEMABAIREAY
MHEERRZIBAR > &4 &5 2RAEEIRHEZ 70.76% (2017 FLb
£47043%) > R mEAXI AT BEHEZEE L 2HEZ 83%
AEBMMEEZEHLEZORRATRAKRE - BELRKF AL
CEPRARITARIE KA EMBEE T > 4 73.04% 44 E B
A 22.39%B & E ki 0 124 4.57%% HVO -
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REN2I £ HERETRE : "HEBRBERRERREZYRF
AT B R BT BUR o ) Blae @ 3 E AR B RHHE 4
GHRAT R Bk AR RIS > 0 SR R A A TR A > 7T A
BB R A TR AL AR A AR AR S R LB R R

A BRRMBERES > BRRRIEREY > #ARERERME
M~ ATEEEY - RRRGREM - BHREBEMEH LAY
BEolRAER - AR DB SRHEAE T RS
MHARENER (REZERMTE) » ARRD £ E el fb i
BRFERE  HRLEERZLDOBRFEDEIRE - LFRA A
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He 9 BY BRFS % % % 151
AREWE=ZBAAETRBEETER > »p A T SELXELY
BuAETw, -~ THEERERS A%, - "TBERAEERRA

B RGEURR 2014 £t T R REMAEER BMA
TETHERZEE HENMKREMEET " AREETE
BAE@ETHRE > ALEF —EABERNFEMATHE
ASE MO 0 LR SE 2015 FATER S By A HE A 5
R Z T BUREE > B F 5 HE R APEC e R% BB
3 (ESCI-Energy Smart Communities Initiative ) * £ #3838 200
REFREY  AFETEAREFHENEE -

KRB EMAEETHEHERRERZA T8 kKW
KA EALSK10KkW B AHE > LEE 60 kW 4 H 55
THREHERAER TEEABRHETEE L4 E N Mgk

ZRRTCEEAR 159KkW XRAEBET L > BLEHAEN - X
FlAsl LR ZEZARA#L  TRINEE TR > 2EHE -
BEARENBARREESEARTEA MAAKEARERE

TN A% 2018 F3& M0 B & 3% 53kW BEAE Tt R4 %

AW ETEEAN A KA BT BEHLERRETREFT
BT EH B 23,969 kWh » Bas 2k 35 4 15 4 -

ZEHEEIRFELA AN BERRBREE FAMMBETE
REHBEH EHARNBIINEERE X » A5 KRGk
AE-BA - SR -ATRFSZRBLARREE  ZiE—0E
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BT REI R EMATEIN B ARELEE > @Y EY
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BARMEREE 24 BARY T LB REEIEE
P 0 3R ATS ~ =48 8 3P4 B 0 PCS #EAEAR > BiE:8
TR EMT AR XM SER R 75 &R -
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(=) PERABEREN 2 %

EPEBATF 45% M R EAHIE - KAF 3 fEAD
(fE AT 8 22%) ZATHGEAHEE > £L 5@ (Bihar) ~

i% #f (Orissa) #vdt & #f (Uttar Pradesh ) X8 % & % &9 M
T EEFHE 80%E 90%8 FEAH T A A RAVRFES
MAEARIARG  RHETRAANERFHEERE  RERA
%5 ip BB ARA -

#5758 /1 % 4 (Husk Power System, HPS) £z 2007
Fo BT E AR E AL FRERZAES
2B BZRTAHHE 20,000 EehREEHHEE > A A RIE
REBMBAZER  BHEBLARAKR  AHBHETHEM
B EEBRZXAEMNFLOEE  BHENNEERE - FE
Fo R EMEARTEERAR -

L

T IEIA T

Power Generation
Solar PV + Biomass

£ HPS TRt (35kWh-100kWh) T4 45 2 8] 4 1B AT 4 A
T BARERMNPEABE T AR Bhokf R
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EREA T it I EESEBRANAE & BB A
A BRT G B B A4 & £ 48R 3R (The Indian Ministry of
Natural and Renewable Energy) #4F 66% 8 4 4 & K X i 4
Ah o

ETERRKGHEEEEFRLERBRETLAAES (WE 13) -
BB GRS ETRACE TR P TEREL
EBAKE 100%H £ AR - RBEA R B FEEHK G a Rk
BB 2RE ARETRIBFERPMASENER -

G B Ea

iy

e

BICMASS X <]
GASIFICATION PLANT **** *i***i*,
PRODUCTION
\‘/ Bn m e ES&H”'“.%Es HOUSEHOLDS
% = REMOTE MONITORING UNITIES, L
4 e m AND BUSINESSES WITH

SOLAR PANEL FARM HUSK CONTROL CENTRE 2 4 / 7 P OW E R

B13 MBS HAAGELSAGLAETEE

HAE R QR 0 8 2010 Fw AA £ A HPS BH &9 2
R#BBZF LA ZRAKRA TR T AREIAIYH AR
Moo BENA YRS T HPS TRT A 400 P R T £
BIFHEREER 0 B E T 42,000 A F e B A 18,000 At
Byseidh > plho P BB P HEE > FREAERIE FHEA
TTRY 250 EEb 0 B T B BRI R M2 A B R R K R
R
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#8 1A HPS 84 & R3 B ~ ZRAARMA 2 HE T RBIME F 2tk
Impact Reach* 2010/1  2013/14 2014/15 2015/16 2016/17 2017/18
# of individuals with access to HPS electricity 27'000 162'260 151'810 178'862  180'210
Avg. annual household energy savings in Rs. 3'000 3'000 3'000 3'000 3'000 3'000

Greenhouse Gas Offset/Mitigated n/a 14'546 11'313 13'148 13'544 12'050

* Fiscal year April to March

(Z)B AR B MART A A

it BB IL e BB e R AT - AL T e EH 4 | &
FIRME L REHREREREREFTENE  ZTAHAE
HROERE  RET " AXTAETRERBE (RXT (4~
AY T UKER) | BE BRI RRKELERESE T A
BRRAEHT (SNA AT AEEHRT) o - REEEAERY
"TRAAERAEREE TR, £ 2019 53 A 28 ARFTHRT
B HAEEREERGTERA A A B MA KT N AL
FEAEMAEALGAR RLBREMREE

RELERAEBREERELE LRI TH R L EKRY
9,900 FFH AR » EBEXESL 1,426kW > EZH A AKX THEN
KB o) LB > AR R S LB R R R R EES
ARRM AR BELERMEBERENEN T Fix, 75T
—FHTHET 1200 BEE > YEEHRREP AT 20%  —F &
B 7,726 7 0 B A% 363 At EM G REZERBZEREE
RT3 96%  (12,000,000kWh/1,426kW/8,760h=96% ) > i+
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A -~BNIEARE - A HEAMARMAKRABILZG > RETH

15 5%

R & B A B EAL G #oRHAa sk e AR TR S AR 0 B R A ARIZA K
REFERGFF RS > BFREERREERTBE  BRAKE
TRHRARE M - TSR R T B AR IH I 0 BAF R
R T RIR IR B I -

T EFEAERER  AEEAERERRRARTERAM » &
IR B URABEEITH RS RO RALRKERANR
A TE - RWIFMER > AAERIRERE - £ H A48 B AR A IR
RBMZ BN TE > oA E G RAER - KpBEHFUBERIE
Bl E M EATIR 4 DR ERE T w BRAF A S B3R 0 BRI
FEIMF3RE » EIAFEEIR - BITEBEROR AR EZ/L B
BERAUTRORRENL BRI M EBRAARTHEFZTAT
Moo i — 2 b B RORREAE F B 0 MR R HEAS ~ 48~ K
MEEZLRE A EWMERERMENRERIE o H R B R
LA BRI R BRI SRR R RAE Bt R o

MR R EF R B A A b F b o) /BB A B AR i
Bt A RRARIERT > PTE &2 F i by RURE - A & A4 AufE -
R FLEBFRIRR IS T &K ERBT > £ E TR KERRZ
EE AR WEREESHBEA_SInESEE L Tt B
BREBA_ALBAIARES Fht AR —Afbs ik
(COz-neutral ) 89152 - SRR AL S B AR AZ TR > &
BB AERRE N B AR = A bu 1 B B AR 5B e bk s
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BT BRHNRAE S BT ORRGEEET > BATs R 2/ - &
FRpFE B R E A BT B M SR B ] 0 AT SRS R LT
AR - RBT AR

(=) BRI ERE ~ £ AEBRIBIAMTER £

HFE R (power to gas) FAMTE R B E 1 & i B AR A
HRBLERSEMME  ERAHLARRELA HBEERME Lo
AKGAEFRAEZHHEEEMER L  RABLERAKEAEH
MRFRET LRSS MHEARRTEIEESEHAMT
B A AEAER » BN RERBRAERA & - ERE RHE
L REZ TR G 0 AW KRS N EE N A B
o FAHERERETBERFRISBNEA - W > BRE
413 B B B VA [RLARE ©

MAARRBIRFEEBRENT » &6 TR AZMER > T
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