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The author received the Master's degree 1in Global Food Security and Development at Nottingham
Trent University, UK. Through the course, the author understood the concepts of food security
and development in developed countries and researched feasible ways or modules, particularly in
the field of on-farm renewable energy, that can be applied in Taiwan countryside to promote and
revitalize the economic development of local rural communities, and raise farmers' income.

The content of food security in this course not only considers food self-sufficiency but also issues
such as production, stock, trade, distribution, nutrition and food system. British rural area 1s the
main area of agricultural production for food, it also provides tourism, environment and
ecological conservation and renewable energy for urban residents. Combining traditional
agricultural production, environmental agriculture and on-farm renewable energy export, it 1S
effectively kept the food production, improved rural economic value, maintained local
consumption and sustainable rural environment in England, this concept can be applied for further
rural regeneration in Taiwan.
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2. 5&f% Global Food Security and Development 25 1 Z2HAZRAZ

F—ERHNERE FRRISEETA 10 A - AT ZWHE 2 FIERE - DRl AEESREL
SMBIEEEMN L EEZ - BB A% 201617 FFFERIE(ARES40140: Food
Security-Systems Analysis 201617 Half Year 1) ~ se—f& 14 28158 7 A BLE R iR
F2(ARES40011: Rsrch Methods &Data Analysis) > S2E =G B EEAF 3 B84 > b Rar
IMERHE E N - HERE RSt R ad e - DURSE-AERERIE - i3 - RS
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people, at all times, have physical, social and economic access to sufficient, safe and
nutritious food which meets their dietary needs and food preferences for an active and healthy

life. ")

HREZE- 8 AYTE TR A iR B LR T R AL £ 2 T e
BLEVURTEH- HheBEZEERAILETE Availability (physical) » FIZR P J@akiI &
Y AT LS Access (physical, economic) > {[E A FY =& F| A Utilisation (consumption,
nutrition) » fI_EHEFEERAYFZE Stability of the three, Availability, Access and Utilisation
(over time)) » A SN EEEZ 2 TH - SMEETF » BIERET AT
HySRE S - HREMSERE a2 HME LA  f2H 3 THEA A s BN &
BB XAV R - &85F(E - fE B U 3% Food Balance Sheet &z Household
Dietary Diversity Score (HDDS) ~ Household Hunger Scale (HHS) v] g2 i & Fe [ 72 —JE
CF#EBREAN IR LS -

RELZE-EE AT TR e 7= FEEE A 4 1 hlE
ABERSOR 2R R ETIIA D EiE 8% e B.198] Fan HREUBESG £
Amartya Kumar Sen HYREF! 777£ The Entitlement approach C.Friedmann & McMichael 1F
1989 AR B EURERE SR Food Regime theory D. &z [RIZ¢ [ rh 22 57 HIV ¥ s
I EE A= A Y 8 FE B e FER New Variant Famine (NVF)Hypothesis ZEVUA PR ©

FEEMELTH R b AR KE R e L e > Wal s a2l > BNEE
SRR 5 [EHEREIRAY R - BEPRIE S (EAHR R A PRET A & AU S Rl Bk
AEREERCE - BAEHENSECA RSB HE I AR - 5w
EE SRR - FA e R R E A T AR R - SR T RE S A R
EDILEEER - RARAVIERZ e REIENY 5 KBTI 1LRPEEE 2KE
TG 3R R ST ABRERER SRRA A ANCIREE) ~ Ml E2E RBUR A
BAZFERAVEIER > #EE R ERET e R EIEE - ettt &
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BB~ AL ~ BESESRE RAEA ~ #8%F ~ BCa (2 2 A _EURA
S DUERCKENIE R L 2GS (Butler CD, 2009)
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BEEEE AN e SEE o SRR DU E Y - Y LRE0E
KeEtE AR iR R - (R HREEEE RS ENRIEY - HairE ik
MEAT - WAREZSEARIRAER N L NE - N2 T FEREYERD
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BUEAERE - SNRSBITRE AR EMGERE LR AL TR > B EIA
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= SNIIESE
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BT EELIR R R EY s H B — 19 E 1L W RAE R A ERE &
YEFE AR -

£ 2008 FEEERIRIRE ARG - fREERMNE - AR IEY N B 5 E i 2% TR
HOBOR > (R R ERETTEIE S SE > ELR R 2 8 R A EOREY > R
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AT EEAA BiRAE AT THEEIRA LAY P B B B AAR PR A - S 2 S BN - #f e
A RIS AR RS ~ TRFA A aEAIERSE LA » (B A
VERHIRHEIBERRE - HHORRHE B R E IR E -

AL EERYEME AR ERRAEEBURE a2 e 2 Fl- IR SRS
b SR S B e 4 DU K F il A A Rt 1 e I T e A B R B AR SR 2 7]
N o GIIHRIETERR T 2 5% - RIEEE A e & Wy Kt & E (F A
sRZ I AR 22 Stronger yield-depressing effects will occur in tropical and
subtropical regions for all crops, which reflect a lower growing temperature threshold
capacity in these areas" (Rosegrant et al., 2008) &2 ERAMEEIE [ @R & TEM]
BB AN RIIRHEIREIRVE B L2 RHE s - s E SR ' FHEFood
Sovereignty) » f& B AL ZE AR B4R AR RHEREEE—P TR BR
BHEEN - R BIA A S8 A R A2 -

ERZE-ERAGIREERSEERRE (Agro-biodiversity) FTE RV E R A LIRESEST
RESERLRGEHEIIL - ERRERSEYIITEE  TEHERT G BERLRGR
—&R7y » FEBLS REREE R L HRET - BAREESEFR A R ILER
BB H MG T A R T I E

TR E- MR LRGERMEAE B 28 E (Natural Disasters) ~ £ BKEZES &2 % (Pest
&Diseases) 71T » W EEHAERHZEBI(E Ryl am BRI ~ BESKAE Ky > SO RARE R
ZEMRNEL > Emt RS EEESEE AL E LR a2 TR E > I
HEAE & IR | EEGIITHRE - R AR 22 R IR E e W\
EOKEBL UK KB IR FE E A K T - PR B2 e B BIRIE E

Fy o MBI BATRER RS -
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Bl RZe BAREE#E > ESEAH LA > R =R
T HER AR « KEDTR > SRR R BUE AR E R Rl R
g o EABRE AR mHYE L B AR SR 2 I e s A H A A -
1M BLK T PREFSEBSHVEST R E A ~ fA TR R IR - AT S LT oK
T ORFFE AT BRI R SRR s - (LA AR -

R eI R RGREAER R T (Migration and labour issues)ERfE &2 2 BHIHE /0t
AFratam - HEIREELEH T AREGEBEMUZ B - FRE R ERN TEE
T O EFE B A BRI SR LRI T SRR R AT
NS HIRIRTE - (R EIREPGR A TRV BRI & e B 2 SRS Ty

o BONRS T A YR LB RESE AR A R B E 5 2 MIYEE - (BB A%
BOMS R T 4 S e 2 A pE iR A Pl EE - 12 R IR B e A B 2 (R R TR
HIRE > BRI BN RS — E S mas TR - 2SRRI 2 Bkt
AT SEERAIE AT H IR -

TEREZE-EELATEREFERERE ~ HEMarket) ~ EUOREL &3 (Policy and
Governance Issues) 7 LA MHEEZE » FRERIZS) - sEREEITTRE 2ERILEH T - BmE
B SR L2 Z O ERSOE - iR SRR S R PR R
RET5SEEERZ 2N - P THSEE a2 S - EEe oM
R AR LR - TSR | ER AR R E R P S B YIRS -
AAHEE R AR B M LECRAHR SR » feti & s - DA TARECR ~ &ML~
SER e RSSO IER -

fEBEL - AR RREEEE RS AT EEE AR ETHSEYE > F 8y
H A TEZEE > R o AKER FAERTZEIE R %% The Sustainable
Livelihoods framework- &[54 4 58 2 &F(DFID) K it 5 B 2 AR 40 4k P st I 204 - T IE
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RUFRERZKER FAENREERAGUTIERERAR HEEE AR E4E) -

Vulnerability Context N\ Structureand
Process

Livelihood * Government,
Asset

* Human
* Nature

B A BB AR S > BIAH The panarchy framework sR BME & 247 > S
Z 0 FE R RE(EBURT) 8k A R H R A A Y &8 FOEES - IRe e @ B
/MR INEER S AR A S B AR R AR R HY @8 - 19 (40 HEEEE A K S 82 BN
o o AR AR BEROR BT A TR BSME EISERIAVARIZ L - CHEERRE A
4t 2ok & 247 -Socio-Ecological Systems framework © D. &) Z45 226 Food System
frameworks FIl £ ZEER I E LT &)L (RS S B (store food) 7. Bhs2 20 S A\ B
BISHMHEAER - PIIREEE T - (KEER Y ASATEIIE RIS A2
FHAEERYNSEa LS - TE BV ARG RER ERER:

http://www.gecafs.org/research/food_system.html) °
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- = — — Environmental feedbacks | _ _ _ _ _ _ _ _ _ _
! e.g. water quality, GHGs 1

' GWERS ‘Natural Food System ACTIVITIES
Land cover & soils, Almosphenc DRIVERS Producing food
Comp., Climate vanability & means, 9. Volcanoes Processing & Packaging food
© Water availability & quality, Solar cycles Distritating & Retaikng food
Nutrient avaikability & cycking, Consuming food
_ Biodversity, Sea currents +
sy i Food System OUTCOMES
DR'VER Cmbﬂbﬂg 10
Interactions Food Security
Sedial Envi
Socioeconomic Woltwre [+ ! Welire
DRIVERS
Changes n

Demographics, Economics,

SOCI0-pOlCal conext,
Cultural context

Science & Technology

Socioeconomic feedbacks | _ _ _ _ _ _ _ _ _ _ J
e.g. livelihoods, social cohesion

e =

s LR EDOR A BRI ERE R AR A AR AR & AR B LR
] P R A Y A A S A T B 5

SIIMERT T A E R TR T > B AET T R E 5 8 i (E IHY
AE > FEEEVITE T L > EERPRUGET R HEE - Etat TRA BRI

FFEREHEE R > WA (EH SPSS HR s iEk 22 5] EXCEL #14g - /& BE g~ A
5 Z i ©

M AR E R IR E T e L - R ES S SR L - 153 T2
R REEZ S M 4AEE R NVivo 8l - S (ke o] DUR S B s K G
B tEEFE TR - BA 8 EN BB G IEE A4 PDF 182 B A TERT#
HRAYEIES » B RAE TS A B S8 E 5 SR MR PG - IR
SRR B R R A REEC B B T R N Ry P i L SOk
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FERTZE TR BB R TR 7 IR B o A s B - iR Ay S B
(EFAHE - EE B RSSCTAERE RS - BRI IR SEIE > AN
EEOEEER - AT > ERERMERARELEES © JEER OE
=

W R E R TR SR | R R R Y ~ AN SRR SR R
WA R ENYIRE - R R YIS - e s - 5RE - Il
FREBLEHEBUE 2 ERE R 7 2R E R — TR - Bl e e K RS2 F /R
Kb BREMEESRGETAIREBEA AN HETEIL - R mEE L - BN A
st A REAsRE - AEARE G EN IS s s TR > AEE T
st LA & IRIE ST 78 TARES T IHEIRIR -

REEETENBER TERE IR BERENSIHE ERCE H R
ERE R OHHSR S GEIIRES) - (EREE R L2 Bl EIRME AT HU% Dr. Mofa
Islam Za&ETE I & A LARFEIR T 955888 T » So/MEERaam S S FoE T AT LA
=ORFHaR KRB EENRBIR - EEREARE - BUERR B b WK
ERHEES T OSRME N ST R I A MEPMERAE 2 BHIR) » ORI
ESOL (English for Speakers of Other Languages) sRA2FIEN o fEfE ST B ER A S
[#15% Voluntary Action Broxtowe AT BE¥R IS IERERE Z SN N (B B2 A7) FBaRIE DT -
TR 2 /NGy - FPERIERE S - [FIREE BN R R EZ e A B IR A s THLY
TP R 2mpBh - AT A /NI ] - (B ] DAST AR il 2 ] R s S i
% KR EE IE S U R RS ShER -

FE5R | SRHERE BRIEGT AR - (EPE T RS BSHEISE 2 SRR 2 I - 1B &
BB RS I BT 7 T A E R ITRRIE B A TE e (R 3R - DU SRR
TRV ERE SR | RATEERAARERE RS - hfediia 2 FTERE
Fe Bt R ARG - WERMHE RS - fRtiatam > Soe el - Suathrsg Bai =
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TEME TR > SEpE R R T UM - I HAERHEFEmFEER - HREER
[EFEHH ERARE - JT5eiaRiE - ERNIEGERBIR AR —HAEER - HiED
B EERE R FRRZEE TEAFEER Y - REMNS - fEds
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(Z) ~ 106 FEETEBER TIEHEE
1. 5€J% Global Food Security and Development 5 2 ~ 3 ELHAZRAZ

AIAH F BT E LB T 2R R RN 2R a2 2 B i 3R
Msc Global Food Security and Development 25 2 Z2HH ~ 55 3 E2HHEEL N o 106 £ S
% 2 BERE G ES | B R e e KR8 4R E (Food Security-Systems
Analysis) 22 A BLTE RV T HTERFE (Research Methods &Data Analysis) * 52 RR &R H
ZERRRHRIEZE - 7255 2 BHALURS 3 B R B WIEERE - Rl iR B
2 Bl sRF2 (Innovations for Food Security) ~ #E & %24 2 404k & 1F (Food Security-Dev
Cooperation) © GEERIZIIITERE | I EFHmR RS 2 ik A& (Nottingham Trent
University, Brackenhurst Campus) #E77 > S5OMERSIMNSHGERD - AIHHFGERBI T HS:
S TEME R Arkwright Meadows Community Gardens fz HES4 TH 5Lz Ay
TEVI R 2 S s &R E(EAE 156 3 AV EIE2E > T (Syngenta) 1 5 B mE B YA 3%
EE 28 (Jealott's Hill International Research Centre, Bracknell, Berkshire, RG42 6EY,
United Kingdom) » FHESEUFYIIRe€EE an e T3 ~ BUBRiE KR ot - /I
iz EE RSB R DG ReeZ A Bl e BRAT E S SR am (B8 K
REHE - BEEA ATHEIRECER) -

REHTE S IRER T — I 2 B R & R LG IR » AL 2008~9 Ffaf4EK
TG AEN  BEAETREEMS LR Z BT R LN E > 559Mek
F— BB 2 TR AR AT BRI R i > R DR P a2 A
M B % 2 HE RO B TR B B E 1T 7oA » M DARRIFS A A (Q0 = B B E ) <
R GABGRES - HETERET O WS &R TE N T LR IFEE - At
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EEREZ AT 4 HIRERT o TR R DR S AL - SRR T AT B IH
T RREAET Y o RSB T HRE SRS > SRS R R R
K55 -

AR E R R 2 AHERE - DU TERE 21 RO 2R ERR S BT E

T RERFER N ZE2RNREREHERTR - W B SR B AT
BRI - BIANREREE ~ B fFY) ~ Y TSRS S FIRRE R R B R
PlrandE AR TEs ~ BERG > PR - FE R R B A R AR
BAEREZATRER G o SIMEBIIG PR SRS S B dfie > RIS E
B E R ~ HEE MR TR T4 > ORISR T A [F] B e H AR L3
i FE S R T A (Rl ke 2 e Bl B A [ N A B e S T2 > FEATR
BRG] N QIE S ~ i) F0KE R4 H TRV B A s st -

R aZeAFrEE B E XA - IR I AR SFES R (OECD)ERANHT
BT EEIRERT R - LIFSIeH B N (b — R BE A BE EHE
oA ~ BUE - BORH T TA - FTVAHER AN B IE#AT "An innovation
is the implementation of a new or significantly improved product (good or service), or
process, a new marketing method, or a new organisational method in business practices,
workplace organisation or external relations. (OECD, 2005)" - gllirEig&E I FEEE A
FAE > Bl 2 BRI E - BRI e AR E Y - AT EEZR L
AMEER 2 BAAGEHERS - REENRENEESIT - AR F AR R
(Technological innovation) ~ 4% (Institutional innovation) & {1 € Hi(Social innovation)3
KA > BHAEBCEEHEH RFID 28t B REZ/NEE B REER » fET 3
N et 2 P AR AR & 1 L B R SR B B i A T U EN 2 A AR © 55
SMERRE(INSTITUTION) KAHBHORGANIZATION)WVE - BT BIHTHIR
B - AR LB R AH SO At nT BRI R Bl -
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WREI S > ERL AR IC RS T S fllasTam - £ AR LA
A ERFHAE S A FERUE - (ETL R SRR ta i R TR i BT (A &k C e
A EIRFHAE SRS RHE A EHIATET - DUAERS HIRI AT ~ Sl b R T3 e sh
A EFRHHAVRE R K o EHEREICAHTHY A S R E | L AR TS

% - e LR E A ERITAT (PIREYIRIEh)mmiE - BAEEEEL N A4
VISR > TR S S RN AR RS ) T~ EERSE « TIERUKETR
BRI E AR ) IR BRI T > S KM o ERRE A
EE BB MIRIERE AT - SO DR R L e R g R
EFEECRARE AT B DA RS2 Pk - seai e NN - 599 > iE3RE
Ay — {8 BB T TR A e B R BRI S A BV BRI T R B LRS54
tEE R REAIUANCE - ([ERACEIR B RN (AR R E 2%
Mz - iSRRI AISREAT 4 IHE - 1. sPisEcER e envaly - 2. i
B eMEEHE TIF AR RS - HIEERATT RE(L > 3. SHEERMS
SRR EAR TR B 2 TEIN S8 ETh - & 4. BRI IE R E & B AR L
BAGT TR AT T R bR

Traditional Corn Planting, Narrow Row Equal Space Planting,
Row Width 750 mm Row Width 300 mm
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Broadbalk. Mean long-term winter wheat grain yields
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Figure 3. Biotech Crop Area as % of Global Area of Principal
Crops, 2014 (Million Hectares)
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Source: Clive James, 2014.
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(SYNGENTA)A Sl {E S B B AR o BB Rt g asEs sy - 20t
AL RRE e | R AT ESEE Arkwright Meadows Community Gardens » %5/&
NGO EFGEEE T EHEBUN k& NS FE SRRt 5% - B EZEEEEER
A AL E] 4877 E 4 (LOTTERY FUNDED) » &0 T RG24 S LRI VEHIH
BABLER  FESEDISRANREAEtER RS HETEILEER - R T
BRI A B RINAEE - Wi R RGO At ERY SR A - oo
REA RIS TRIEMER) ZIE et & - FrERTEAREBR - EIRK
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WEEN A S TFAHHE - HRAF BT R AR -

5B B2 i B SRR I i T A2 S IR 2w A Sl e O Y BT e [ e L
EENBRHEEEYE - SLIEEA SRR R EY R EmBiEn - 1E%
= RETHEEATE] - SR B E SR T B E T a6 R EYI IR
W BT R R A ~ e ~ BRE]  (H2 e IR N =] o] AR AR AL TR 45
Ry AR R > AR BRI & 1M H o] DUE RIHEEN S Bk 3 Ry T AF - SE

RBEGEREIRY KR - o 0 R AR E B HVEIIETTER - JeRLIEE A E—F
P ARY R&D &8% > stz 11 {8358 - L2 BN 330 (SaE s T

fE > PR R R R E 10 70 B - Rt B & S B RIAE =
SKEHEIR > BT ES & H AR RER IR EOKAUS Ay s BAy AR A E]A

EEAH - BT R R AR B PE A S s IR R R = UK R o AR
TREEHI A3 IR RTRERVRFEAMIATE o8 » BT DA e IR N EIRVRET - JEE 58
S IEER &1 - EEAVESEIREBE 2 EERER & F - GIEREIFR
HE o JolbiEt AR ETTEEERL - £ 2B R R R A S T 2 T R AR
> RiplE R A EEE Y - AITERE > SEET R EE R E B -

0

=

1ErR B2 7 4B 8% & 7F (Food Security-Dev Cooperation)sfAZ L4y » HIE ST EIFE k&
BUHBEZ B - iR a2 AMENME - WA B EASEEaL R
[EE - AR R IASE TR EAE B AT BN B PR S FE 4 A - B S R
FRAA SR ECTMBH SR THV R IR B - Afer o B 38 e h B o A T e T4 e

= B LFEEFRERESEON S E TSR R EMERL - EET
FL 4% A E (development cooperation) FIRES: - FRa BIRE #5 fB A E (R RS 45 e
Eizfg e~ L eNRIER AT o ESREn EREERE

e SR B ETEIE (WEP) » B GEIIE & KSR HARFAO) - J2El{Z 1 (UKAID) »
BRI BN(EU AID) - £ E(USAID) TR LR A BitE fe 2 S e sy & 7
ARG DR EHAMENARE - SMEES A SoR SN e R/
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R > BFERIEILT - AHE] - 1TBC BHARHE A - SRS
Az DA T AREIE R et ST A RIS R B A R 5 2 ST
TERRTEHANG SRR - FEHMSE R TR RS EEE - A2
EEMERME - B E e L2 B AET SR AN TR - Rk B s
fE ~ UMV ER M R B e A T H NG & S R E = - 38
TR TR EER AR AR SE BB B HRRIE R » I DU E — Y SE R R Pl iR R 2
HHEE S T =

BB & (R AR TR LR B A A s T e Ty S E AR - 2= A e
RefEeitE e L~ BUFR T > HREENEAS SR A RELERS - B
S EEEEEEZRNEE - A REEN - NERSREESEREE
ETAERARTZIR - 7 RET eI A RS - ERIEASE M any @R
BB TG T RS - RIS A S S B ARG SRt 2 3ia T
HAgrlfradfeats - INRHEIRE R EZIRNEH - BR S EIERERE > FiX
AU AT AR ] - fERITIRARF G 2 BITRRIRS] - FIRFaat 8 ta A ks
BEE R (PROBLEM) 7717 ke A2 AHREE & (STAKEHOLDER) 3 Afr > #& FRFEIRE R Al
w MHBEE I > BT T - WETTAIEE TS - At n M AR AT
B o B T AR IER S > (R IEETE o] DU E [ > A0BEE R DUAEE
FEFE e 0 St et AR AL > NROESRERZIR » B R H R kiR
BRI AR BT EsieRd) ki st saa T2 BRIE 1.02010) -

AR
iy
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Potentially influential Key Players

Keep Satisfied Manage Closely

Monitoring Keep informed

Low Power High

Interest High

PROJECT DESIGN STEPS

Step 2 - Formulation: the logical framework
Step 1 - Identification

. . . 23
Situtation analysis Indicators of 24
progress Assumptions
11 \\
Stakeholder analysis and i \
target group selection Project Indicators Means of Assumptions
structure werification
Step 4 -
Development Pl anning
1.2 P B R Bttty 3 of M&E
Problem analysis Objectives [ | | | | _.-===7] >
4 satting - -
Immediate Joe=="
" Objective |  -=="" L=
! el Impact
1.3 o2 Outputs L
i pu -
Objective analysis : activities
' Operational
Activities

Step 3 - Work

. S Responsability il resource plan
Implementation blﬁ::;ﬂrit:wn matrix schedule % budget
planning

BRIERE: 1ILO, 2010

56 3 SR E TP AR STE AR B LR AR - EE TIEEE EREHIRIE
5 > MEBRIGHET THSE R SO AU R R R i e B AR SRS - HL LAY T
B > EERSEREETITRERSHE > T AR RS
PRZEFTHTRERYSEEELR ) - MR el o RIDIENUE (EI(GMO) Bl R & 2= o
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TR ETEHE RN T e E R AR AT RE MRS S - TR — U
SRR R EBHIHRRA - SOMEBIRR & (AR TR B2 afie - AILUTEE
i NEEAVERT R > DRSS (FRR A HRE VT A T P - St ]
LIMEf TSP IR e s tas -

. SERCTEELEE T ERHA R R IR L S B R R R

IR R 2HFEREA RECERY2IRER N LEHE - EHATERER
A e LUl e SRR AAFTRR . - (A0 5803 e BB R AR MR 4N T e 2 i 5
A SRR R L ENEW RN AEHIE - 2'EF KT - A LUERAR0E
FEEAFTFEAER - T EHGEELFRIVERZ 2 - S RAARIES — 1%
AHERES 7Y - TCHAE TS TR EE — R R B SEER sl SRR R
Hil e Sy B -

HEVESEHB R AMA LR R G E24A T E - SIS EEERT R
SEAAREEYS o AT e R 05 e 2 (R AR (S e SR A S B URFA B HER AR
o o FRIIRERHEBN ARG - EREEECR - A s ST Brackenhurst £ &
FEAR R > SPULHIT AN RIS E v AR - FZELUEST ~ K5 /N
THESE (RO RE Y FE A B RE A - RSB AH BRI S At B B AR - ATy
RER BN EE - JEE B A MHRBABUR F 3 R SR SR - StE A B EEEE e
ABAEEEHUTEAREREEME » BAEE H A - & {FaEEE
7E ~ BRI AR IEAI - IR0 - RIS B RS Y - B D4
Rt AE I EORE IAIEE o 8B 2 FrEiatamag i - B SLEl =3 ol iR RE T
ZHRRHRE FENERE - BUGHEREN R/ NS - B HIMREE
EEHEFEE  (HEMEFR R EEBAE - FHERME LTINS EE (TR
BLELE RS FT AR AR RAAE o (RIS R E AR - IR B P AR R4
& BTSSR T LR EITH[R]) » SR BRI i DA U A GRS E 2R AR
7 A& ATE R RS WA S BN (S ITE S BB IR EE ST M) » B3 H
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FIPTEENEEA TSR - LB H AT RINUE R nT IR RN - BR - B3
HFREAMG - SHUESTE R0 HOW Bl WHY SR A B
AT RERAE - SO AR - (R H R T BIMHRR A Bl 3t R Bl e %2
2IHEEFRRESH - DUTIER BEETZE A SR 106 £ 6 ARE{TH# % NFU
Farm Event 28 2016 G5 | JERIEIGIRIESE (The 2016 Nottinghamshire Farm

Environmental Award) 23R40 85% o
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I KERREE A BRI TR B RS RE e IR B G

HEPNE RIS AGIRRY, » (HERAGR - ERGHEEREETT/K IR
SHANER > S ERPTVEBUK L ORF AT R R K £ O T i T F
HHE AR - BEiE R ERMEEN Lt 2 5B R LT 10M &2
AR - B ZEHERE  SUERIERIRIRIEER - RIS R I ERH
4k (Hedge) » EUETIORER - PN LS & 2/ & HERE B AT (Thistle) 128
SEAE(Poppy flower)ZEHFAE 2K A LA EE BURFEREE MG - FIARTESREE ~ (Ragn s L
fE - BESERSRERRIE R E R e R b2 > FrlRS L HEE
TEVIAE R AR ) - (EE TR e & A 1 pl > NESEA
FESE A A G R B B AL & - RSP —(E SOM S HRREHEETE » 2
B E BN EPCERE M R L (R SR KE SR B - AURHZES
JEREMIE - ARSI ERTAHEERENER > (FaEE 1T
PRI R B BRI MRS R e B N EEGE NFUNEE » &8
A S MR S2EUEE) -

B B2 = LS R 1SR X Bl ~ BRIt - W5 BIREER 5 H#E
BITEERALE ~ (EEREESE  PiUTeho(b - SR8 R H R (T AERRRE > TR
BT R EHE T 2 AR A R 5 FT P AR RE RIS A R AR RO - BT TRR

s SRR E - M LAMBUR IR BB e 1R 25 - H BT FE I RA
BN S 77 A R R SR~ RRAVEHE - BRI A TE
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PESTATT o GREEFEEHFZ Dr. Md Mofakkarul Islam 595 > DU SRR 5 0] B AR RERAN AR
A W RIPRS] © B EEAY A RER A B H - Tt & E R A B R e it
B P TRERHIRE » ISR N2 0 TR REA RS E A ERERAE
MRBARCAS ~ 82 R HISIMHIETT 7% - [EIRFIIRER S H R 255 i FE AR RE TR R AH
RIS - EITHRAN > TR AR AR A R SR A 7 S BB B BRI
SELAELISE > A0{a(HOW) B R M (WHY )P AR5 rI FE AR RETR - I T AR I EL 1
i 55 H FEAE R ARRE ST A B IREIE H AT R IFR R B ER - B il A
T AREIRALEE L PR R MR B2 2 B R Al RE S 4H B 2 -

=i

By A5 R SE GRS 1E - ZADABESISERK - 8 10000 “F(Z 201 10%)
JFRI - AERR TR R SN A B 7 ROK R 73 e PR 4B HR B AH B W e sR B SZ AHRA R
[ (HEREEL sl e Bl T > &SR E IR R mEh - 7Y 2017 4 9 A 5ERK
AR AT AVRE RS 1% o R R S R BRI TS - 1% SR A 4
FEAAT - AR C RS2 - 5F%F K qualify for award commendation e

3. WSS EANE- RS A HAREIRAVECAR - WS PR © B8R REf &

\

AWtFe BgEsd): MaZe » BEZTL - BSIHEARIE - KEGek ~ BJ7%
B - FERE R E R BT

1. W FE &L - S B B e B B RE I PR S e e

EIETHEAE 2025 RS 2025 SREEfZ 5" HYEME © 12 2025 5 > W[ HARER
AE =B R EEBITHETR S E] 2096 > R AR RETRRIRIC R 2 BB 7 BEIERYSE = RS2
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(MOEA > 2017) - &I8HAEIRE e EEBIERL 396 » FHZHEY A 2 K& (49500
{EH85 ) WEEPNRE (Chinapost, 2016) - FEIETHI(E 2025 &£ KIFRESEER > I
fE - AHERER MR B E A 65%HYrFHAREIR (e - 2016) » SRR
REJR H] REFR AL AL SR I A B TARISAH - (HEERa H4E - 2015 175 31.4%
(MREAEETR) 2 66.4% (FZEMETR) (COA BZEG - 2016) - ZAZIRINGE LM
IRDL > REBST AT FEAERETR - KFmE > EESREEE R AR E RE TR R E A R R A
MR RER Tt AR 7 - ITAE e B AT bl th 5 R By n AR e R - (2
‘BRAgEAERS B DIEORIRNEE n AR AR B E R R
(Frantdl and Prousek, 2016 ) - ¥fj> &/ H g &AL e Bl v A REJRH VB G F > s
KA -

FEEHAE 2020 FRTLEEHE 20% YA HA R HAE (EU, 2009, Boie et. al.,
2014) - SRRV EESEN I E S UERITEESE - SLEAVE & B 455800 30 AR (DEFRA -
2014) - HLURSEREE - FREIREETRES T#EE 60% Y FEMEHE G EE R
T3¢(Agri-Food Industry) - i2 /2 JLEl i RIYEDESE » A EEERB T8 (NFU,
2017, Bailey, Davidova & Hotopp, 2017, DEFRA, 2014) » & » 709 DL EAYFEER £ HiAT)
FE T BRI RIFIREMNETE (DEFRA - 2013) - BLEEHIAHML - S22 A 3%HY
ERE 35 5T (Bailey, Davidova & Hotopp, 2017 ) » #5124 2015 FEEGUL ALLE: » &
ERIEEN R S EERESUA SRS - W R B P U A R (e
WA (DEFRA > 2016 » COA BEZF&r » 2016 ) »

HR o AttEY A S R SR IR R = SR AGH R E RS (Garnett > 2011) > {BE 1990 4
12015 4 > FHEHIRESEEAGHFIERE NE T 17% (DEFRA - 2017) « H AT
ETBFTREEE - KISAERENEEREH B ES T AR R E AR - hEtdk
(AT ERY 1/10 (NFU » 2017) - 2013 4 » 88 =57 2 —HUSLEI R R A 5k
AEM A HARRHEE (FARMERS WEEKLY > 2013) » S5 RA B2 R it iE
R AE 21 R R AR E R A O - IR A E AR H 2

AFENE  HEREEECSAH G R ARG T ARG SN E T T
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B o [EIRFER A AR AT - R ERA > £fi7 7] (technology vitality) > 5
At BEESCRE MR (Bilgili etal., 2015) « AHWTFEHAY A T AFILEA [RIEHAVE
Sru] AR RE IR TARTH HAVRCA > 2gs > IRFBINISEEIANZ - LIRS EBHIHRER - A&
B e o Bk n] AR RE R B 2 & ~ JEBRR S rI FE AR RE TR H HYERAS ~ Ues B
HIEIAZER ~ KATREHE A B B A e 35 ] B AR RE RIS AH A 1T 70 AT -

2. MHEASCRR B -fE B2 B IR L

HEFR AT AR RETRN R ] B AR RETRAE LB R A28 > FHAS SR ARt AT RE PR ZR
HIERETRER K » (ERZBWAEH S rI AR E R AU B3R ~ R = R AGEIH
HREHARTFZ - AUTFURTHE T B AR HVES » SR A AR IR Z RV R
TR E ARG B 27 e S AH A I RV HE T T35

2.1 ATHAEREIR - A RTINS M AR E R

AR ER R B AR T A RN B B AR R AV RE B T ES YRR
FHENEAERMB R ~ BT~ 8 - #0E - THJIDRK ~ SRRV RS S i
M B T AR RE TR £ %% (Twidell and Weir, 2014) < [089 fIMESN » KPREE » e FJE
BE - AWERERIE /K EE KE /3 v P AR RE IR E AR A A & B PR R EEUS »
FRETR AN R PR KSR AR (Boyle, Everett and Alexander, 2012 ) = K5
REJEIROLER)E RISt B RS (Everett » 2012) » BALZHKSIIEZER » &
HOERFR YA [FIRSRBE S N %) (Taylor » 2012) - HFYEYREREE A= ARSI
EFAIR/KALEY) (Morris and Scurlock » 2012) » # 4G RE B H IEHRE - &l
Al AR 2 AV KPS R U LAY = AR E I - &Y N NEEaEhY)
gERIA S EREVEY) - (B2 AR SR T ANSEIFR KM EAHY -

H BT ER 73 2 SRS LR R - (B BN TR - WEREEA
HIFFE o AR EIE RO EMENRBELUERT fy 1995 FHE - BRI R lriEE
PR EIR IR S EbRAY R = R Ae R (Popp, Lotze-Campen, and Bodirsky, 2010) ©
7% 2-1 BUR TALOPRRIRT Al B AR RETRAY 40 T
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7% 2-1 {baPRRIHFI AT B4R REJEAYIE B (Source: IEA, 2016 and Everett et al. 2012)

fERE | o
o 2014 4F T || HEREARE | BB
Ry SRk
HEER(%) HAHE? FRAE?
?
- 2 (EEE
A A A RE IR (A0 ~ B
81 i CO2, NH4 & =
R KL RIRA)
$S02)
Renewable energy 13.8 = /L (Few) /L(Few)

) {7 5 & (European Commission){H 45 i FHAREIRE 2 fy: 235 A F AR RE TR (A
R RS e A ARG YRR L A RO (2 - BEMEHBEAER
Y0/ BT RRE /K FE AR A et > BB} - BEE > FLARIAPRL - AR > SR A]
AR BN E RN RS ECA N TH et - E2Z2E /4 (On-farm
Renewable Energy is produced on farms; farms are economic enterprises basically relying
on biological processes to generate agricultural products — food, feed, fibers, other natural
materials, fuels — from natural resources such as land and/or non-saline water”, which
renewable energy generated by system paid and/or operated by farms or legal entities for
domestic use or export, mainly export is electricity) (Pedroli and Langeveld > 2011 ) - B[ F
ARETRHY A FERIEE LSRR - ] - ERRAIREE - PEE s S A

(Dinu > 2013) > A[EAERERH G BER 28— (Frantdl & Prousek » 2016 >
Bayer & Urpelainen, 2016 ) » [EIIFE2SEZ FIHREL - F5ZIR ML RTEHsE FTRT AR 28 AT A
REJR (Pedroli & Langeveld, 2011 ) » AR i A RETRZBONESE - AT S8R
MR = RAGHRI Y —THR SR R

22

e
R

AT > SRR R SEAH B B (4

B
;HT

SRR B TSR S ap (& (I L AR BE R 2= SRS R s UIMHRE (Peake
2012) - EHEAVEE RATE ALk (CO2) i (CH4) fI—F b—% (N20) - iE
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SRR EMRE > TERR P HFER T EEEERAVER - I H R EE(ER
R (IPCC > 2007) » JRESRAG » AI7KZGR ~ (bR - e E RS - sk
FHEET R FE RIS 15 E C (Boyle, Everett & Alexander, 2012) = ZRjf » 1950 4
LI B b a bRt EE A VRS N 2 SRAS DRI SR T - (52 8RHY KI5 HEEST RE Z IR
KN (Andres et al., 2012)

— At R EEARE R - WE A =R AERAREEAY DEE R
R R ASEEY R RERERDT o HES TR LR 600ppm I - £ERIE
1l ETFRF RS 1 oK (Solomon, et al., 2009 )  $EftiEt » fE9LE] - AffE08FE | TELES)
thEEEL 1 A7 % bhk (Ramage&Everett > 2012) > EHUR = WELEE T RELER
AR - JLASEE R 52 1/ \4H 22 5 & (Adaptation Sub-Committee, ASC)f5 ! -
2005 -2 2014 FHYREAFEE 1961 F- 2 1990 FHY 30 FEfE EFFREY 1 EE - 240 » 20
HECTAR BRI LR P9 R - H (Degree-Day) - #& ESEEVMR RAVIERE - 0
60 E-H (ASC > 2016) - FEEEE 1911 4EZ 2009 4F > RIS 2000 £ % 2009 4FfE »
FRREME ([E/KE>200 2Z0K/K) BEhN - FFEM H AT 2 30 FAIEE T ZE(Hsu, et
al, 2011)  [FEIRFEEAPMRE S - MERERE BT > HNREREE - R
ATREEEEYAE I EA A RFZE (Kang » Khan&Ma @ 2009 » IPCC » 2007) » £¢H
S LBHKE L BN A HEEEIE - BEFHERN A BRERZE - Weea 4 REn
FEFIE B4 (Diffenbaugh et al., 2017) o

Y R R R SRS - (BRI E RACHY EEACR - 2005
o EEREEEEPIPRIOEE 1.4 (DR 588G - (G =EREFEICERY 1096 (Burney, Davis
& Lobell, 2010) - 3% 15 1] DUEThiR Fe£E (carbon sequestration) > ERLHh FHHYEESE
AIEEBIAE] 40% - (BffiEt e A BEENEBE—FIIRE (CH4) FiE#E 4/5 H—&
E=& (N20) HEu4EESEARE (Smith 55 > 2008) - X HEEAMYIEERERET
oy > FEEMAREEEEA: ke - S5ME BRsIDRHERDEIRN T L —S LR
(Smith, et al., 2008) - b5 - I ZRAZLL 100 F iFElERE fhE > el —f b %07
HllE S AbRRIEAY 25 A1 298 {5587 (IPCC » 2007) » £ 2030 4 » S=ERHYH A
UL E PR ETRMS g AR R (USEPA » 2012) - fEGEHINTFEER AR R
TR A SRR > Fber R A& B8 % (Liou - Huang and Lin > 2003)
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23 MR LEHEEIRY S

BEZENERE “WELEEMENE A N FRHEE e B RIS T h &
BRRE  ZEMEREENEY) - DUNEMMIvE e R EME e lmT - 1EimgsE
(RIS (World Food Summit, 1996) - & & (LIE - FEHL > AN A RFEEM:(food
availability, access, utilization and sustainability)Zfg &2 £/ 4 ZFF (FAO » 2006 ) %]
2050 4 > THETEER A CIFEE S 90 (& » M Er AR A FR S m R i 70% LA | (FAO »
2009 - W& EISOR A &S DESA » 2017) » FIAIfEFE - $0 T— (B
b B VE IR TR Sy BB (Fan, et al, 2012) < (HIEGE - HA » JEEISEEEEIS -
i B e R 3 I TP B SR BORBRES B 5 B oK i B N EAHE] - SLERITEYIE B a2
Sk D AR AR RASHE Y E RS - 1N R SR E N H (R

(Burney » Davis » & Lobell » 2010) -

RERZRRIER R “DUnDRZAVERRAE N HERIEETE"  (IEA > nd.) - BEJRZ
EIETHME > aTEIENVE - aTEEMERI T2 4As (availability, affordability, accessibility
and acceptability ) &Rl a2 RAEIRIHZE UL FEH (Cherp & Jewell » 2014 ) - fEELGHZE
BI% - EE eI R AR R AR R NIFRERFREESINEETE K « fild
TEBLA& B TR G &y NV B VIR EFR KEE K A HISFERR - BiEEL - Ey
FIEE 109 159 (Burgess 55 > 2011) « HAN A BVEBINGRZIFE K » GEIR TR KA1Z2 2 M
HZBE o TTHAREIR O DS S AER 2T it - T BB MR IKIEAE /) (availability,
affordability and resilience of energy security) > 35 /& 28 1] A RE IR R AE TR 2 2= HY
¥4 {% (Valentine » 2011 ) -

2.4 RS ATHEARRHRA - 85 - REAEES)

H AT AR SR A Y A MU 23 A 25 & B (DEFRA - 2016 » DEFRA >
2012) - B AHEARERER R ST bEUEH — SR - bk 7 2@ aEidny
FRHIFHHZ SN > SRR SR ABIBAAE 1995 22 2015 SEAVAE 20 FAEEE T
[ - EEBUTHIIGHER T E - BRATEGIVERGH G 18% » £3R(LE
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[RZESRZ IR RESRUASRERTY & 7% - 2015 422 2016 F5{E% 19,000
Jig%  (DEFRA - 2017) » #RRAVS—FEIT A ZRIEZE - Sutherland iH5% » &R
B =R ES AT AR - RT3 B - DUEIIAFE A B Ry & HALCE
AT PRSI REEE fn] 2t B AR AR HECR At MR35 (Sutherland &
Holstead » 2014 ) - fEHE e ST 7RIS » SR AT AR REIRROITHY R R Ay 122
R EE %t AL MR E 55675 (Frantdl & Prousek » 2016 ) « AR A F A AEIH
Reffo 2 Ry 7T &R ZTAL BN - AT E2 BlE (H i R R R E S 8
A g o PRETFISEEIAZ -

2.4.1 fiK

A B BRAT AT P AR AR TR H R A A MEZ B RERR LAV B — I EH - 7R
BRI E AR RA (WACC) 7i#fr » BE BJEEE WACC Y EH T2+
ERIGRES IR BBAYEALE 2016 - CLAKHE (R e FEEERA (Angelopoulos
% > 2017) - SeRiEREIZE GV 7 (R 2 S0 N R B ~ KGR LR
REGHHVE LG - (HRIEI TS FIRE R - AR LG4l nT AR R4
& (s ) - MRS RIEJE Rt S —HE - S a] AT
tf (Ahadi » Kang 1 Lee » 2016)  M{E5EE » o[ AR REIRAY 52 —(EEEZAYEL
A RRHEEA—E G Ht T BT - EE RS T HARRE G R
FIF - BHCERER AR FEEERELENA (FlEsicE) - (HEEZSHA
(Transaction Cost){E Y EP A » AIHEFEHAMEAYIER L@ B EE - FEINIE R &
FERATRER RIS - & A A vl B 1Y o] A A R TR B H R T A S &
FirfGEHY (Sutherland & Holstead > 2014) » GE @A~ —AVIPARRTHTTY
Az R (Koh& Ghazoul » 2008 ) » A=W#ARIHY(SE F B EREE AN+ & R A IS WA TH K
AT RE S RS ECHERY - (HRASERTAG RN ZERY -

W& ROt AR - rIFARREIRAY R T AR - (AR E -
HF - ERGrE B RS  RIGREREMIERERY - KIGREEREA TS EREERES
REOLIREIR LB BRI I — &y - PR T 1/5 (Swanson » 2006) °

RTEM - £ 2020 £ > fERERVESHE CRFY IMW) BYRESREEIR BRI EL (4T
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RINRZ B > EARATEF T - A (72 0.1 £ IMW ) #YKE;
RESCIRERYL » BIEEZ A EMBUEHRG - RAE 10 R EARASEE T
(Reichelstein & Yorston » 2013 ) o [E]HF EE A 7548 T - 140 2007 £ 2016
o B EBEERS N AT 40% (WEC > 2016) °

% B T A B RS B (PR« 2010 4ELLK » BEIITA
3 B T P A AR B A2 8] AR B ASEIAIE”  (Feed in Tariffs,
FiTs) (4 o 75 e PO e = (o T P e i e 2 > 642
[ E T R A5 A TS (Boyle » 2012, Bayer& Urpelainen » 2016 »
REN21,2016) = 2015 4FJ » 75 110 {8057/ /8] 0 ] 3 24 B 48 B (B
G5 o CUBATHCE S HIR 2000 4EAT1 2010 FEHRHITE T ETEEE (REN21,2016) « F
BRSNS T LA s AT 22 S R R R e
it TR BB o AR B R E B
I+ RIS T LA o e 15 £ T i A B R0 25 BB B
% (Bayer& Urpelainen » 2016) - 7E548] » SRHEE 77/ N SMW (97T B4 A%
TR (ORI 1) > BREUH(LE Anacrobic digester 3 %8) LA
PR AE TR AE BB (Energy saving trust, 2017) (ABFFEsAst s/ INKIE 2K S
) - P T A AR 7t T TSR e RS A 7 AR IAERG
B SRR AT TTLURER A A » MR DM
AR » ERHIISRK L4005 (Hernandez 55 > 2014) «

2.4.3 HIKIHS]

S AT A RETROTHLED - WIS - & > BRI miS R R BRI n e
RERIHH #8 R - BRI “EEN S EIEE M RENE E I ZENE A
JREREEEF " (Sutherland > Peter {1 Zagata > 2015) » W98 “Jifi & & Rl TZ B %}
[t T P A BE R AR iR 75 oK PTG Y - B BUAY PRI 2R DR A S8 i I R Y i U 758
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B ORRAHERE (Burgess etal. » 2011) » ARERENIMBY-ism) B /LML Y £
FHIGNER > WERTHERFE RGBSR - R EEI3 SRR
REFE REORA IR R - SO EpE & pe S 5 AR AR L & SO R R
7 (Jones&Eiser ° 2010 > Burningham > Barnett& Walker » 2015 ) 55— 5 » %
& ] e iR R R AR RE TR H A B IR > JLER R 2 n] DU & A A RE TR

M

LAY (Mbzibain - 2013) - @E SHIRETZE TR BELOHEE > (2
HHY S » & E RN 2 F A M A E R RZER] - £9—

“PAE R AT FR A A A > (Sturge > While& Howell » 2014) o SKIBAE (R
G T ERRECR AT > ARAFTFEAIBOR - (ERFHAEE IR 7T B A AR TR G TR
Big iy (Hernandez 35 > 2014) « fE5LE » KRURIGAE 4 BRI 50 B ERIF PEAS
> RSB R R ) S BRI - (BB RER E m URRT 2

(DCLG > 2015)

244 HEFIARZR

A RER A I (RS - T (EAVIE AR S R (e BN S
FIFHERERI Z2EEE) /] (Alagappan, Orans & Woo, 2011) - fE54E] > FIFAAE
IR BT 2t N R TRV ~ AR T B A RE R H BRI RS SR BUR
FEALRS f AR i P E R (EH] (Foxonetal., 2005) - fEEIE(X,
Muabtgeadth - B AT HAERRAE 2 FIENEREFERAE ) - BREEEE
JeE TR (Schaffer & Diivelmeyer, 2016) 255 A] F A fE R AV BEEN N AL
B o BUR - SEBHENT T EH S B A2 -

3. BT AR

B HA R LA B - BEMESE > B HER R R E
ME > & —EEEK BRI ESE - AR REA A AR TS - At
HlEh AR TR E A FEE TRV E R SR - SRR MR R
NS A A RERAEEERY 3 (ERES » DA BRI AR S E A FIRY v A2 g R TAZLAHY
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A N/
X ©

ZPIWFEE "RRERE AT R TIE (CRRAEERERE - TTHEE AR RN
WNAE RS ZENFRAFEER  (Yin > 2012) o ZEFIBFFEA] DU AL i i M ol aT g
MR IR "0l 2 "R o P AR SR B E IR IR ]
AR ECA R A UBAAZE DI T2 T (Henn - 2009) - BFFEE - RESUREEZEHIFIFE
SR B - H AT SR 2 DM IRz - EEHEFHEIER R
ERAVES T HARE ARG - WE—2 TN GERRETRSTHEAREFAYA

o H 48R
AERZE -

AWTFEER R ETERTSE A BT AR R R R (T e i H ARG 5 A AE
TR TR - EVEFE AR BN T E e R A nT AR RETRIE HAVRTAS - (R
R ERE AT 2B T A A RISk S bR
(Kuehne » 2016 ) ° ##EEMERFE - 1] DL T RS BR A R P nl F AR RE TR H Y A
Fi3 e By TR RS T AR RETRIR HHURA > gs - fINENRBEINZE - BEE
(ERRFA T HARN > EERESL  ZZHENZZENARBRAIMA > fax > &9
FAMFEFINRE YRR - RS A EAERERAEARRE - MR - BEEM
BUF s BRVEINZER - THHAYRANIES » BERREHE H RS E R RS - st (b4
brgE R A E G - EEEE R AT RAYIRN > SR D45 R TR B
" (Yin> 2012) -

R REFEEA R Rt E Gt HERNS - hTEHEIIRTE (BR) THEEHE
[ > A Ry — bR A FE S A i AR TR R B EE R R > AWTFEEREH
et Ry S EE Sy > BfE ¢ 1 BESNBRREAAREN - 2 BT HAERRA - 3
SRR > 4 B T EARIRGIINE > 5 BERRH AT HLRR 562
J7 o AHFER: 2017 - 7 HAESAE R R TSR 3 JE 2010 SR A RS il HARERA
PN B IR R RS UG E M - AR RORTE TR SLEER 2 R/ NEERTHZ
7l (DEFRA - 2017) o BORTERIHIIE RIcta Rt sg Fl e Bl s ruithls - BRSRRiE
EEBIRIE{E (Beaumont » 2009 ) - B R Z R & (A5 ] B Al & 22 v H
AREIRAIITME - FERAIRE E R o [EI RS A R IR AR PSR A A E RE
HETERE - TR E > S8R BV A GHA A P - 6
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sl N (R 3-1):

% 3-1: WISt ARE

Section Question

General
® Location of the farm IR E

Information

AR ® Size of the farm I

® Ownership type fiiERERERY

® Type of the farm business ¥4 FE AR

® Length of farming 2 E LR EHF

® Type of renewable energy 7] Fi4: BEJF E4H fdiE
® Generation capacity fEJfi/EFE &

® Length of the renewable energy enterprise/project 1] F
A RE IR PAH = R ]

= A

® Any specific information about the farm EIFFkE:

® Some information about the farmer EE&:H]

Costof on- 1. How much have you invested so far for this

farm renewable energy technology on your farm? Rt
renewable H2

energy

projects 2. How did you raise the money to invest? #1{a[Z&
RS ATHEA 3. How did you find a designer or professional

RE R LAZH consultant to help you to build it? How long did it
4H 7 AR take for you to plan this project? B R4{a] =itk HE

i Kot ]

4. How does your renewable energy project affect your
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agricultural production? T FA:RE)R TAEMEAH 3

LERE

How much time and money did you invest to receive
planning permission for your project? What types of

activities did you have to do for the permission? £

FRIEfS rI A RE RIS AH A (R ET Al AT B B
B~ RIARCETER -

How about the annual maintenance cost of this

project? What are those costs and how much did you

invest for this? T FAE fE R EAH R 4EEE H

How much will you pay to retire and remove this
project if it is inefficiency after 20 years? B4 gE)
fHeH 20 FARFRTEFTAR B H

Benefits of
on-farm
renewable
energy
projects
=S HA
REJR TAZRE
2 g

. What is the financial benefit of this project? How do

you feel about this benefit? H]FA: §EH KR 2

Is all energy produced by your RE project only for
sale to power grid, or are some portions used by your
farm? How do you make the contract with the power
company? A[FAFEIR A EINEHEE B - BR
WA EBLEE ) AR & lE

How does your energy project benefit your
agriculture business? Please explain? 1] 4= gE)FfH
HHRRIFARRLER fmE

. What is the non-financial benefit of your energy

project, for example, environmental and ecological

benefits for your farm or the area, social or
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community benefits? Please explain. 7] 455
SHAYIERA 5

Do you get other benefits from your energy projects?

Please explain if you get any. &) Ff 4= fE S 4HAY H At

Constraints

EHES[ENE

. What regulatory constraints have you faced in your

RE project? Please explain. A4 RE 4R A EFR IR
il

. What are the financial constraints that you have faced

in your RE project? Please explain. F54HAYA 7Rl

. What constraints relating to community opposition

have you faced in your RE project? Please explain. 1t

&SRR

. What technical constraints have you faced in your RE

project? Please explain. 47 A [RE]

. What market constraints have you faced in your RE

project? Please explain. 7[R

. Are there other constraints that you have faced in

your RE project? Please explain, if there is any. At

Drivers

LEEp)

. What are the business-related or financial drivers

that have made you to invest and run on-farm

renewable energy project? Please explain. 7501

BEEEN T

. What are the policy drivers that have made you to

invest and run on-farm renewable energy project?
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Please explain. = FSRERSEN 2

3. Are there other drivers that have made you to invest
and run on-farm renewable energy project? If there is

any, please explain. EArEgE) ] &

4. So far, based on your experience with on-farm
renewable energy projects, will you make the same

decision to invest on-farm renewable energy in the

future? Why? SRACE A AR AE IR AH e B 477

AT FEE B PR R R Z (Yin > 2012) T ARSEEI R A A AT AE
JRFRAAR E P EL B R E A R FE R VRS - 32 - HISURIBRENNZR - SRR Ot Ik H 1%
EEES P HARRAEE 225 - FradisE o s S e b > M LAE T e
fiz Nvivo GRffHe (i — D5 (Silver & Lewins » 2014) GG E— (BB ILHIZE
{1 -

BRI REERR - frARZEIRRAEREHHEA 40 FLL E4&ER - iy
SR 100 £ 300 A > R R SR - £ RAEE s A [FIH e E
an > AR 0 ANEE S HERNIEH S - B E AP O ESE o B SRR R
EERERS S —HEZEWA - FrafEs i EARER TRESEEERAE 2010 £212
IRECCHREIRRG PR TR RE R AE B HIEBURR) - B (EZE R RGN &
PaRetel - Z1& SRR - (HE A B RIEHE TR AR S AR E T H
in L 0 B EAIESET ] o ARG C B T A ERESRH » ERILAI NI AR
MlcE - EEREIFEEMA S RIS - BR T — (A ESERIRERT R SRE L (A
C - sMW) 4 S5 mafE S AR R H R RE £A (RO A R B) - &i#
BRI EEN T (RR3-2):

% 3-2 o 3 EBIRY AT EAEREIREIN S EE
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Renewable energy type Case A Case B Case C
and capacity
A A RE RIS AH R K
HEE
Solar PV RIERL > /NpY*0 | RTEA Rt Ay HrEm Ay > SMW
KFFRESEIR TE /NFA*00 R
Wind turbine J&/J ARIEBUFET ] i 300 T £ ARIEBURETA]
Biomass 4B #E - *00kw T BE{LZEL
H
Size & E N JEFRFERDE | A BB+ | R AHESEE
R (Seel, 2014) KEHRESEIR WEFGRE IR E L
(Rudolf &
Papastergiou,
2013)

ZE B B % (& 300 T 5)
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ZEBI C KFGREEIRENL (FE SMW)

4. FLERS Al A RE TR TR

KW7E - B EARFHEERA > BesMBINEAE G #E sy - (2
& AT A RETRAY R B A 2 B AR INZE N H AN AR A - bk
TERZRERBRIAENER @ BERFERNR T ER T A ZPIHIRREIMIBEIN
PRARIRFEHES = LUT o7 4 Soradamid s T AR RETRBEAS - Uss - RISURISESEN A
2=

=l

4.1 5 AT AR TRATRIEAS

fe AT A RETRIH H B AT > SLRARTEA S (E L ZEASI - S Al A #5 Rk
A BTG « PERSRAEE A » ARG FARGHIRERACA -

4.1.1 B RRA
A EHI G E IR T E B B AR B R RSB A H AR H H A £ %
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HE o Gt MWFERRIGECIMNVI BB R EE - BERREE SR/ NITE
EERGRECRRF AL - RO A B B RRRETHEES 2 SRPSREEIR AT
> SEROLEM) BLEEE TOEE A M © A A FIEAA > 5 2 REER
FHREYEIR (38Kw) ZEEESE 1 KZe4e (10kW) L 4 1% > (HYeRERE R 2.37
&% > SHEIIAFREN R RAVEEEUR > 56 2 KGR ARG Rz A 5% 1 X
= NE U ER R -

HIER R B IR RAAE A AR H Y E SR E AR (A
A) - sRfTFR R ERRE (] B) - AIRZIAHE A HESERIECED]
C) - R AT LAR Ry AT A RETAIE H BV S ER A - FHA PRy B g Sdes - A
TS AV EARAS © Q1R AT AR RE TR AR Ry N E AT & - SR
BREFEIEAREERENE AR TERRE (KFIARB) > FH A HEE
st CREVETARKE  RAMESO (A - BOREFFERERITEER
BRI AT HARER - HEHUACE R 5L - B S EEES TR &K
AYIEDL - ZE61 B i R By Hath (B (E 2 8 T S 0ip7 - (HEJISFBERETFHE 50
HILps o EERRAEAKEN S —EAE -

=

4.1.2 STERIEERA

FLEE RIRE S R SR A B r AR RE TR AV T8 AR B BRE » (2
R A FEE AR — > HE RIS LR AR ERIRENEAZERE (ZEFIAB) - H
B L BEEEEAT A AR RA SRR - RRMHSEEHENERE > EE
oS SR as AN R o R A B (E e AR RE R S SR R B R B TR R
o ERJTERH R RTIR SRS - A B AR A L H a5
BT A Aseh - AR SRS R EpEREY 17 (ZEFIB) -

JEVI MRS R Y > DURFF RS2 B N I EF > X B ERFE
HELEpg g | RINGEE G (15F) - HEKGREOURAGRIEEMEEREAVESE -
ARG S > BRI S H C4EE > 8B HZFETEEP) - fon/E
TR GHE > RRIRA T B e L AIERS MY AT ARy n] B A g R e A 1 -
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B REGHNE LR AR N T T IR A 2 o e BRI R S AT AT

ZE B A RFSREEIR Z {2 Fh il BR Y B SN B B 2

4.1.3 RS2 i A RE R AR BRI A
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EARFEEE ST EEREENER LT A Fwm > HANFRELZ
R RIRE Ry T AR TRIE H A BRSNS RE SRR (E B IR
H - sifs st A IR - SO E RS ERETR - B3 B AR A s
AR -

ZEB B RIZRECRZEEATESYIZETH » 1A EREH

4.1.4 JEERREIRA

FEEEE]  KFZRE IR B Sa EET 1 s 5 5 HAEIRR e (FL AFIB) > {H
TREEFR B — (W HIEAY RS SERAR - MHRERATA THBEE R A e B R (CAnZE B
B) » EJ#EME N L SIEREEIEE S8 - RROASERATARREIERE
& > AREHEEE B (FrAEZEMD) - MIBUNREE S A B Z R S B
FRASZHY » BIHANZERT] A BYR RACE R ERF RN S8 R aR JEUiET 7] > ERE
# > R A G - B C KIGREBRILAERF B2 4 3 BRAIJRE - Z£61 C
Rt B E e R o [EBURF R E AR S5T a4 2601 C R mb - (ERT
At ERAHELERREGEE) S - AT T AREABUEMRA - BUF
TTBE B R RRAERAS T -
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4.1.5 A A RE R RER A

PR TAEZEA C BRI E S ZERGHE T Bl SMW KGR R
PR > HErFBIRRAMHEE AL 2~ 30 FRIKRA Rz 2 AR R -

4.2 B AT AR IR

PGS BRI R AT AR TRE H B 5 — B E RN R - 2R S
BEEAAN SMW > JLB] “HAREREREEMFIE" BOUES [ T H AR
BN ST o B A /NEFEREGREAE » BE G AN AR A AT AR - &
&y 13 FEFLA][EIYY - 261 C HYREURFGRESS Bk 2 A5 es U AH I A - BUes
e [F - HBRAERF LAY 8 15 - FKP B AV 2 MAE R KIZRETH HHVSS & > S8 8EHT
R > EREfEE - Rl S B FEER 2] 20% - KIFREL Ry 10%

AT FEZ FEABIHET R 35 T FE AR RE TR AT AR VAR RN 73 B8 T H L S 5 R A
FEHERY - R DR A S RS RER B S ) A F a5 T G [F(ZEB A) > FE
HEERMI ARSI a SRS HARRIET (M B) SN
BEHHTRE (ZEHC)-

TR TR ER - MR AL A PR R T A R RV E R EHE - &%
BIE RFEHHAR K BUR Y E R R D - BRFEERA T HEARERE HalE 2
RIARTE “EERICA” > PUBCD RS RE TR S I LA AR e R A7 s AR T B &
RS EE - FERATAIRREREMMIEE RS - REREE - A
PIERERT T — AR E Rt P83 BRI 22 (E IR -

4.3 25 A AR IR PR

BB TR KA R DAV E RS - it FIe RS RER AL R E TR
BT ARE i EUR E ] o M AREURF A RERE 2 B T S B A BT
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Al R “BUFE IR TE —RES S BB RS - AR AT E AR
ES— RIS > BUEBUNIA RS B RIMAET I AE (EHA) > B el T
BERERAVATHEARENETE (6B - BUFIGE 7 KRG E N LR ) - 80
BRRZEHEAEGST - BAHCHHFRIEEE N HER (A C) - BR
5ms VE BE (1 B AR HIREIR WAESE - (B — TR B B AT SR & e P
Hh T AK I -

PR IRANE A B RS B ] A g R A A £ msE - AR ROREIHR RS
FERG LSS Al A RETRIH H R ARty - &2 Ei Bt EHBE RAE THEARER
THHAE RS RE AR -

fE DR GRS AR R R R R B R ARERE - [N RIS (E s g gt s
BURRIE - R 5% BAHAY /DB R R FTRE 2 MU PREUE e g8t &1 (200 A
1 B) > A& 2 A R AR E BT GERFERERTHIRE) EITAET
it o BEHBEIEFRIRRE - £RSE A SIHAMEN ST B HA R
TR H AR LAY - SR B AT A R R S S MBI R ERER
e o HHRYARESTRATIE R FH AR HYERS M F AN (transaction cost) {2 FRAZ FI 5 %
B © 55— KGR eI E RS R R THE R A AR A YA

CGEELH) ERSRZEMERIR  EEEEHL T - BEALEA HCHY
KIGREHRE > el DURHE AV E IR Lt HAHSS SN K RE i & &

Rt ERVIRGIAN SRR R A T AR RE R > EE L - AT AR
HAHERE » BRTAEEERFEE (FAIB) - NASKEEBURIEREX > miGH
RS EERE IR R IERE - (BB o A ] AE & £ [F] BT AR ] B A (e 4R 4
W) - ARG A E 2 fElR B EERARE AT -

4.4 25 A A R TR BB /T

A BERE R EIIR - R S EAS T F DAS R ACBUR S B A EE T 2 iR
- HEEBNHEEREE R A THEERIMEHA RS ) - BREEN
Hes A AR RE R B RE B IS B HINER - RERERERRIK

53



AR DU R EESE (B B) 7 - BIEWISTPRVRTA B REVKRATHE
AR HE—ERNZ Tt BRMEBEERFECEF RS ARKHR
FAEBEUE Y] -

AT 10 5 > FirA PRSI IR R SR 0E - WO R R
AREERFIR TR e - RRERNRCOEE SR AEE L EERRN > BR
ARFIHERA ELR ORI - PR E] @A S AR CEEEERE) - BRED
BELORESERIARA - MFIHEE RAHAEN IR > AR EKIEE
BT (FEP C REFER) - BEBUFHISCRASRRE - (8 EAVSCEE REAR
A - AP e E R AT AR R H IS E (FBIB) -

HHETER - AW EEARTE R REVA S SRR S MR RS i
AREIRIEE - BRI B e R AEIH H SO R RAHEIRYAILY - 2otk
BRI AR HARIROIR - aJH I MR RS A E R L3R - FEE UL
R SRT T > RR AR RS e H AR TR E AU A R T AR B
A [FIRHE R N R AIE T RS - RERFIHE 2RCAGEEAVEESR - TR ES
AR SRS MR - BRI MR AR BUa A EEM: (AIS<EIARER) M=l Aeis b
BUFST - EREREIEFEESRE - RESEIMMHCERRESEE R H
L BCEBRtER iR (EHIE B M BRERER] > iRt Rk B AR V7K L0
Ko FHMERIGRERILIUEREA - AR EYIRE - fratgR—E25 I8
SR TR RRSERA - DURT P RS B O ORiT R F - R EIREERN
28 FHBOH A 6 HH N 28 SR A Lkl A [F Y BF A N SO SAE Y T AR R O A TR
i) > EEERHEZRELBUR % E PRI > (B E RS - BUEEYIRAC K
AR > e ~ SRERRISE AR E KGR SRR MV EIEE - B R b5t -
2] RS i AR R H B B R A E  - tARIY R 7R
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ZB A BRRTBARIGREFAH A S ZR 4C %

ZB B ATERTR R > B/ Mg - AL S (bR N BE
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ZE P B 5 SRR R R AR BRI S IR L

E o T
"

o e .
. i =
1&% =

B C 55 IAHIHE > (ERFZRE LR B IR FlE S ERIMIRE - TR E]
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ZEB C KiGreCEFEAANEAAER - AT EAE AR - DFIEYIEE

BRI ZE B 7 $ R FE N BERESIRG iHE

5. ZEBES5R

LUNSTamBa B Aira 2201 2 255 nl AR pE TR FAH 48R - W E SR BRI &8RS
AR RETREAE - EREE] 2020 4F - B 2090 HVRER M AR B E th ] AR RE R AR
(EU > 2009) > HFY DT BUR S o] AR RE TR IAHET T AR B YRR FE R AE 2 ) -
PR ARt B AR - —EWFEIA - Fr A = A S 7RISR SIREE
AT > P RESREE HALRETE E NS ETE E > s A st AR5 RE EIRAT /R
A El A > A S BUR AR AR - (BB EURFE 8 BT rTAY[H]
iRy o AR AR

5.1 235 A AR RETRAY A

HTERPHREVCOMUERE N - WA EH: (Swanson » 2006) » FERFAEKIGHE
HHEEEE S » 01 AN B #FoR - BHERES TS (AR REH H It T8 (&
HHDERIEE - (B B AKISRE A IR A REE Y - FF 2 & HBERSCR

R B B LB R 2 {E AR T (Mcdonald & Pearce » 2010 ) o BB ZK
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FTA KIZREC O L BIEON M5 AR R > DL 2012 5 "2 i mEHEA &
B o Fy 2012 FERIGREVEIRIR” 485 (end-to-life)” AY[EIUEATE (< (IRENA -
2016 » EU - 2012) > {HEREEIUEIERF S FRITREREE -

AWTFEHY A ISR IRER RS RE S BRIGRALE 2011 S E (R C) > (2
E AR AT RS RE S B ITRRIRRCA (LCOE) THEHMIRFESE T 1% » 1EsRoR TR
iR Y IR SRR RIS RE S BRI T FURF LCOE {531 5 2015 4 R 0.09 3%
# > 2020 ££ 5 0.07 S5 > 2025 15 0.06 48 - pESEAIR[FORFZREH HAY LCOE HIfE
TREIEATRISHEH H Y LCOE #FfE fy T (Reid and Wynn > 2015) » BENT AR FEER%
SHEEAHE ZHYEERE > H LCOE 8K » 7H5T 2010 424 LCOE £y 80 3570/ MWh (Kumar
etal - > 2016) {EFEEARFHAERY LCOE HEARZ HEMEFEEEHK - 2015 FKIGHE
JEIREFEEAE 58 (HR MR R A FHHEEEA S (SM/MW) B 2.15 - B &t 2.02 Y
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Tainan Highspeed Rail 1428 kWh/kWp per 21°/180°
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Southern Taiwan &
e = S
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Southern Taiwan year

FRERAMIE HEIh
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East Midlands, England
TR B ] URER 4Bl
J7 R
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Lincolnshire, East Midlands, | year
England SR {ERHE ME
Al SIS AT ERE
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ABSTRACT

In UK, on-farm renewable energy technology and projects are well developed and British
farmers continue to drive growth of renewables. In this research, the author tried to understand
the costs, benefits, and constraints of on-farm renewable energy projects by three different
cases in East Midlands. The research of understand the renewable energy project will help to
find out proper projects and groups of farmers to promote the renewable energy development
in Taiwan. In this study, basic definitions and identifications of food and energy security were
understood. The theory of case study research is utilized to understand the costs, benefits,
constraints and drivers of on-farm renewable energy projects by interviews, site visits and
observation. This study took the qualitative method to understand different on-farm renewable
energy projects which were invested/involved by different farmers in different farm. It was
found British farmers are willing to adopt RE as diversification, “Feed in Tariff” policy strongly
affected on-farm renewable energy projects adoption, farmers preferred to invest by
themselves if the cost is affordable. They all preferred to choose wind turbine projects to
maximize their power generation, instead of solar PV projects, but wind turbine permissions
were difficult to receive. These mixed factors affected farmers’ attitude to invest in renewable
energy in the future. In Taiwan, solar PV project adoption is more priority than wind project,
agrivoltaic system and floating solar system are options for smallholder farmers and

aquaculture farmers. Diversify surplus rice field to solar farm is viable in the future.
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Chapter One: Introduction

1.1 Background

In Taiwan, it is expected to reach the goal of “the 2025 nuclear-free homeland” with the
cooperation of government and public in the year of 2025. Following “the energy transition
pathway and the short-term and long-term supporting strategies” issued by government, in
2025, it is aimed to increase the power ratio of renewable energy to 20%, the renewable energy
will be the third pillar of whole national power supply, with the other two pillars, Coal and
Natural gas (MOEA, 2017). It is a significant ambitious goal to achieve due to the extremely low
energy self-sufficient ratio in Taiwan is less than 3 percent, and huge annual expenditure,
approximate 2 trillion NTD (about 50 billion GBP), spent on fuel (China post, 2016). It is
planned the solar PV, onshore wind, biomass will generate over 65% of renewable energy for
national power grid in 2025 (Lee, 2016). However, the food self-sufficient ratio in Taiwan is not
as high as most developed countries, only 31.4% (calculated by Energy) or 66.4% (calculated by
Prices) in 2015 (COA, 2017). In Taiwan, an island as large as half a Scotland, most renewable
energy, solar, onshore wind and biomass are expected to be produced in relatively vast rural
area, instead of urban zone. Because of the new energy policy, the emerging on-farm renewable
energy development is expected in next few years, but the discrepant argument between
“farmers should only produce food” or “dealing with renewable energy production for economic
reasons” is also needed to be discussed (Frantal and Prousek, 2016). The competition or
cooperation between food production and renewable energy generation in Taiwan shall be

figured out in next few years.

On the other side of the world, The Renewable Energy Directive sets rules for UK, the EU
member state, to achieve its 20% renewables target by 2020 (EU, 2009, Boie et. al,, 2014).

Agriculture was not a profitable business in UK and the UK food self-sufficient ratio was lower

N0653081 Page 1



than thirty years ago (DEFRA, 2014), but it still produces over 60% of the raw material
(calculated “as the farm-gate value of raw food production divided by the value of raw food for
human consumption”) for agri-food industry, the largest British manufacturing sector, which is
worth over one hundred billion pounds and employs nearly four million people (NFU, 2017,
Bailey, Davidova & Hotopp, 2017 and DEFRA, 2014). Meanwhile, more than 70 percent of
British land is well protected and managed by farmer (DEFRA, 2013). Young farmers are few,
only 3% of farmers were under thirty-five years old (Bailey, Davidova & Hotopp, 2017), it was
same that most Taiwan farmers are not young. Surprisingly, the poultry in Taiwan and England
both are the highest Farm Business Income by type of farm in the year of 2015, and income of
cereal sector in both regions are not the lowest of whole agriculture (DEFRA, 2016 and COA,

2016).

Although some critics argue the greenhouse gas emission from agricultural field is high
(Garnett, T., 2011). UK agriculture emission is significantly decreased by 17% lower during the
years from 1990 to 2015 (DEFRA, 2017). Specifically, UK agriculture sector is an important
power and energy provider of on-farm renewable energy by wind, solar PV and biomass
projects. It is estimated about 1/10 of whole UK electricity generation (NFU, 2017). In 2013,
over one third of British farmers own or have various renewable energy project (FARMERS
WEEKLY, 2013). British farmers are not only food suppliers, they play compelling roles of
greenhouse gases emission reduction in the 21st century. There are some implications for
Taiwan supposed to be available that had been examined in UK of the combination of
conventional agriculture and on-farm renewable energy, despite some existing renewable
energy projects are argued by public. It is also necessary to consider some distinct concerns like
cost, technology vitality, pollution, supply efficiency before taking renewable energy for power

generation (Bilgili et al,, 2015).
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1.2 Aim and objectives

The aim of this research is to understand the costs, benefits, constraints and drivers of
different on-farm renewable energy projects in England in order to draw lessons for Taiwan.

The specific objectives are:

e On-farm renewable energy and food security

e What are the costs of on-farm renewable energy projects in England?

e What are the benefits of on-farm renewable energy projects in England?

e What are the constraints of on-farm renewable energy projects in England?

o What are the drivers of on-farm renewable energy projects in England?

e The practical on-farm renewable energy projects and suitable programs implication

for Taiwan.

1.3 Dissertation outline

® Introduction: the contemporary development of on-farm renewable energy project in
England and Taiwan.

® Literature review: to clear basic ideas of on-farm renewable energy and the costs, benefits,
constraints and drivers of on-farm renewable energy project.

®  Material and Methods: case study qualitative method was utilized in this study.

® Results: to find out the real condition of on-farm renewable energy projects adopted by
English farmers.

® Discussion: verifying collected data and literature to suggest proper projects can be
adopted in Taiwan.

® Conclusions: to discuss key study conclusion and lessons for Taiwan.
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Chapter Two: Literary Review

2.1 Chapter overview

Although renewable energy and on-farm renewable energy projects were popular in UK
and it was expected to adopt in Taiwan for strong energy demand, but most people are confused
with the meaning of on-farm renewable energy and the connection between agriculture,
greenhouse gases and on-farm renewable energy projects. Many criticisms and
misunderstanding are mixed with non-science viewpoints, this chapter will discuss some major
points of on-farm renewable energy projects, including definition, relationship between

agriculture and renewable energy and basic food security before further study.

2.2 Renewable energy, Non-renewable energy and On-farm renewable

energy

Renewable energy is defined as “energy obtained from the continuous or repetitive
currents of energy recurring in the natural environment”, continuing natural resources like
sunshine, wind, biomass, even geothermal heat, hydropower in river, wave and tide in ocean all
are classified in the renewable energy system (Twidell and Weir, 2014). Except to tidal and
geothermal energy, all majority renewable energy, such as solar, onshore wind, biomass and
certain part of hydropower are received on vast farm land in rural area and their principal
energy sources is solar radiation released by the Sun (Boyle, Everett and Alexander, 2012).
Solar Photovoltaic energy is the direct conversion of sun light to electricity (Everett, 2012).
Wind is generated by the solar heating and moved in different atmospheric pressure on the
surface of earth (Taylor, 2012). Biomass is also connected with the sunshine due to “the key
mechanism in the use of bioenergy is photosynthesis” and “carbon-hydrate” (Morris and

Scurlock, 2012). In other words, the difference of solar radiation transformation between food
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and renewable energy are the products. Food is the product of the photosynthesis which used

for human diet and animal feed, but renewable energy is only generated for human demand.

Most greenhouse gases are generated by fossil fuel. Fossil fuels all are classified as Non-
renewable energy and un-sustainable to the environment. If the global food consumption and
diet trend remain as the year of 1995, technological mitigation options in the agricultural sector
are needed to decrease non-CO2 GHG emissions (Popp, Lotze-Campen, and Bodirsky, 2010).

Table 2-1 indicated the difference between the fossil fuel and renewable energy as follow:

Table 2-1. The difference between Non-renewable energy and renewable energy, Source: IEA, 2016 and
Everettetal. 2012

Market Refill by Harmful to
Significant
Share nature at human and
Energy Type social
(%) in continued environment
injustices?
2014 use? due to emission
Non-renewable energy Yes (CO2, NH4 &
81 No Yes
(oil, coal and natural gas) S02)
Renewable energy 13.8 Yes Few Few

The on-farm renewable energy is defined by the European Commission as “On-farm
Renewable Energy is produced on farms; farms are economic enterprises basically relying on
biological processes to generate agricultural products - food, feed, fibers, other natural
materials, fuels - from natural resources such as land and/or non-saline water”, which
renewable energy generated by system paid and/or operated by farms or legal entities for
domestic use or export, mainly export is electricity (Pedroli and Langeveld, 2011). On-fam
renewable energy production and use is a significant role among the agriculture innovation,
competitiveness, ecosystem preservation, emissions reduction and so on (Dinu, 2013). It is
argued renewable energy is a part of rural development (Frantal & Prousek, 2016. Bayer &

Urpelainen, 2016) and agriculture is being challenged to reduce its fossil fuel use and
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transferred to generate renewable energy (Pedroli & Langeveld, 2011). The on-farm renewable
energy is a key role of European agriculture, rural development and elimination of greenhouse

gas emission.

2.3 Greenhouse gases, climate change and agriculture

Climate change is main reason why the renewable energy is necessary to the Earth and
people live on it. [t is believed the climate change is strongly connected with greenhouse gases
emission which accompany by the using of fossil fuel after the industrial revolution (Peake et al.,
2012). Major greenhouse gases are Carbon Dioxide (CO2), Methane (CH4) and Nitrous oxide
(N20), these three gases are stable chemical material which can exist in the atmosphere on the
earth for decades even longer centuries and conduce to the climate change due to the
greenhouse effect (IPCC, 2007). The greenhouse gases, water vapor, CO2, CH4, acts as a blanket,
it helps to keep the earth’s surface average temperature at 15 degrees Celsius which is suitable
for life (Boyle, Everett & Alexander, 2012). However, the extra greenhouse gas which is
produced by the fossil fuel use after the year of 1950, was emitted to atmosphere and more

solar radiation energy is inhibited on the earth (Andres et al., 2012).

Carbon dioxide is the most important greenhouse gas, it will result to “irreversible dry-
season rainfall reductions” as the dust bowl on the great plains of the US in the 1930s and rise
global sea level over 1 meter when CO2 concentration exceed to 600ppm (Solomon, et al.,
2009). It is approximated that per kilowatt-hour consume by people will also produce one
kilogram of CO2 (Ramage & Everett, 2012). This greenhouse effect changes the long-term
balance of weather system. In England, ASC indicated the temperature rise is about 1 degree in
the years of 2005 to 2014 than the temperature in the thirty years of 1961 to 1990. However,
the longer average growing season was also observed in England and Wales due to about sixty
growing degree-days, a measure of heat accumulation in Agriculture, during the 20th century

(ASC, 2016). In Taiwan, it was studied by Hsu that heavy rainfall events (Preciption =

200mm/day) increased and annual rainfall days decrease significantly in last thirty years,
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extremely hot days increase are obvious in the years from 1911 to 2009, especially in the year
of 2000 to 2009 (Hsu, et al, 2011). However, due to the low latitudes location of Taiwan, it is
highly possible, in the future, crop productivity will be negatively affected due to the global
warming if the temperature keeps on rising (Kang, Khan & Ma, 2009, IPCC, 2007). It was
recently quantified uncertainty in the global warming influence and the tropic is the area may
occur the most sustained hot and dry events due to the severest and most extensive

contributions of anthropogenic climate forcing (Diffenbaugh et al., 2017).

Although the agriculture is regarded as an environmental-friendly industry, but agriculture
is a main source of GHG. In 2005, over 1.4 gigatons, 10%, of global carbon emissions was
produced by the agriculture sector (Burney, Davis & Lobell, 2010). Agricultural soil is a sink of
carbon sequestration; however, it is estimated over 1/2 of global anthropogenic methane (CH4)
and over 4/5 of nitrous oxide (N20) emission are related with agriculture although the less than
40% of global land is used for agriculture (Smith, et al.,, 2008). Methane is generated on the
graze land and rice field due to organic materials decompose in oxygen-deprived conditions,
nitrous oxide (N20) is produced by ammonium nitrate fertilizer, especially under wet
conditions” (Smith, et al.,, 2007). Furthermore, in 100-year time horizon, methane and nitrous
oxide are 25 times and 298 times harmful than CO2, respectively (IPCC, 2007), global climate
was significantly affected by CO2 and NH4. However, global methane and Nitrous Oxide
emission are expected to increase obviously in 2030 (USEPA, 2012). In Taiwan, the methane
emission in rice paddy was lower if farmers grow Japonica rice instead of long-grain rice (Liou,

Huang and Lin, 2003).

2.4 Food security vs. Energy security

Food security is defined as “Food security exists when all people, at all times, have physical
and economic access to sufficient, safe and nutritious food that meets their dietary needs and
food preferences for an active and healthy life” -World Food Summit, 1996, food availability,

access, utilization and sustainability are pillars of food security (FAO, 2006). In 2050, it is

N0653081 Page 7



predicted the global population will be over 9 billion and more 70% increase are needed of food
production (FAO, 2009, DESA, 2017). In China, more awareness and further research for the
potential of next agricultural doubling in yields are taken more seriously (Fan, et al.,, 2012).
However, in developed countries, like Taiwan, Japan, or UK, food security issue is not same as
developing or underdeveloped countries. Advanced crop yield improvement is the first priority
effort to reduce future greenhouse emissions in agriculture instead of growing crops on vast

farmland (Burney, Davis, & Lobell, 2010).

Energy security is officially defined as “the uninterrupted availability of energy sources at
an affordable price” (IEA, n.d.). The 4As (availability, affordability, accessibility and
acceptability) concept of energy security, is introduced by Asia Pacific Energy Research Center
and be discussed by publications (Cherp & Jewell, 2014). In developed countries, the energy
demand per capita is much higher than the food demand if both are calculated at energy. In
Marston Vale, England, it is estimated that the energy demand of food, wood and animal
feedstock for human diet is only 15% of daily energy demand by per person, including heat,
transport and electricity if all items were transferred to Kilowatts/hour (Burgess et al., 2011).
The energy demand and its security is concerned due to strong needed by human activities.
There is a new symbiosis of on-farm renewable energy and national energy security that
renewable energy can enhance availability, affordability and resilience of energy security

(Valentine, 2011).

2.5 The cost, benefit, constraints and drivers of on-farm renewable energy

On-farm renewable energy is a diversification to farmers, due to the agricultural
production price and benefit is not reasonable in recent years (DEFRA, 2016, DEFRA, 2012).
Agriculture industry income trends in UK are descended significantly during the last two
decades, since 1995 to 2015, except the dramatical global food crisis period. With the Euro and
Sterling exchange rate drop and the direct payment increase about 18%, the “total Income from

Farming per annual work unit of entrepreneurial labour (farmers and other unpaid labour)”
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still fell by 7% and it is less than 19,000 pounds, between 2015 and 2016 (DEFRA, 2017). The
diversification in rural area for farmer’s another income is critical. It is studied by Sutherland
that farmers invested and seek in on-farm renewable energy, like wind turbine, to increase the
long-term economic feasibility and to ‘future proof their farms with agricultural diversification
and benefitable capital reward (Sutherland & Holstead, 2014). It is also studied in Czech, the
main reason of farmers who adopt renewable energy technology is for economic diversification
and stabilization of their farm business (Frantal & Prousek, 2016). If the renewable energy
technology is for economic diversification, the costs, benefits, constraints and drivers must be

considered seriously by any farmers who plan to involve in this field.

2,51 Cost

The cost is the first item that farmers should focus before their renewable energy project
investment. In Greece, by evaluating the weighted average cost of capital (WACC), the onshore
wind WACC was approximately twelve percent and the second lowest WACC is the solar PV
power plants which is bigger than 1MW, but the debt cost in 2016 the solar PV power is slightly
lower than the onshore wind power (Angelopoulos, et al., 2017). In UK, the application of
renewable energy is also an important cost, due to the application is not always approved by the
local council. Although the RE project making appropriate use of farm resources, earning non-
agricultural income and reducing farm business cost (in diary), but total cost which including
any transaction cost, formal community dialogue, consultations and involvement during
planning and application or even the cost of an unprofitable RE project is spent by the on-farm
RE project owner or investor (Sutherland & Holstead, 2014). Critical evaluation of
environmental and social cost both are also needed for biofuel use, despite these two costs may
will be mitigated or overturn by using next generation biofuel staple and new production tech
(Koh & Ghazoul, 2008). It is researched of the optimum combinations of small power wind
turbines, PV panels and energy storage system in off-grid remote island by logical approach
(Fig. 2-1: Logical approach), it is estimated the operation cost and total net present cost are

lower in most island if the system is pure renewable energy combination (without diesel power
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generator) which wind turbine must be always combined because of its high availability and

power output (Ahadi, Kang, and Lee, 2016).

Specific parameters of

inputs
Component Project
Capital cost ($) Annual interest rate
Replacement cost ($) Project lifetime (yr)
O&M cost ($) Constraint parameters
Consider size (kW) Resource input and data
Lifetime (yr) I & Load demand data
1 {) L—--\ y
4
=1 Optimization
‘\_I
) J
Simulation Sensitivity
analysis

Figure 2-1: Logical approach (Source: Ahadi, Kang, and Lee, 2016)

As the technology innovation developed, the cost of renewable energy drop trend is
obvious. It was documented the Swanson’s Law: price of solar Photovoltaic panel market price
had on average declined about 1/5 when the solar photovoltaic power installation volume
cumulation was double due to the higher semiconductor yield, better performance of solar cell
(Swanson, 2006). It is predicted, in 2020, utility-scale (larger than 1 MW) solar PV plant in the
US will be cost-competitive as the conventional natural gas power plant and commercial-scale
(in arange of 0.1 to 1 MW) solar PV will be also cost competitive within 10 years, even without
any government subsidies (Reichelstein & Yorston, 2013). The cost of wind power is also
decreased in this decade, for instance, Chinese wind turbines price dropped near 40% during

the year of 2007 to 2016 (WEC, 2016).
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2.5.2 Benefit

Benefit is another factor to affect the involvement of on-farm renewable energy. Most on-
farm renewable energy projects in UK is backed by the ‘Fit-in Tariffs’ (FiTs) since 2010, a
mandatory premium payment, during a fixed time, for power which is generated by renewable
energy projects and guarantee grid access for them (Boyle, 2012. Bayer & Urpelainen, 2016,
REN21, 2016). In the end of 2015, 110 Countries/States/Provinces are enacting Feed-in Tariffs
policy, Taiwan and UK enacted this policy in 2009 and 2010 respectively (REN21, 2016). ‘Fit-in
Tariffs’ policy is popular with democratic governments because of the negative externalities
caused by coal combustion can be transferred to better air quality, a national public good, and
the fee is paid by power consumers, not by government, specifically. It is also a kind of political
benefit that government can receive from many farmers who generate income from renewable
energy projects in different rural areas with high potential of renewable energy generation
(Bayer & Urpelainen, 2016). In UK, three types of ‘Fit-in Tariffs’ payments, Generation tariff,
Export tariff and Energy bill savings, can be received by renewable energy generator, including
Solar PV, Wind turbines, Anaerobic digesters, which total installed capacity (TIC) is 5MW or less
(Micro combined heat and power (CHP) is 2ZkW or less) (Energy saving trust, 2017). People
argued PV renewable energy production affected food security and agricultural production, the
co-existence of grazing habitat for sheep and hens or bee hives may keep ecology, food
production, decrease the need of vegetation maintenance and enhance the soil erosion

prevention simultaneously in rural area (Hernandez, et al., 2014).

2.5.3 Constraint

The regulatory, financial, community, technical and market constraints of on-farm
renewable energy are main factors that affect the development of on-farm renewable energy
projects. It is studied because of “the multiple functions of agriculture were reflected in
competition between agriculture and electricity sectors over natural resource access”
(Sutherland, Peter, and Zagata, 2015). It also was studied that “the major constraints faced in

meeting current UK energy demands from land-based renewable energy and the stark choices

N0653081 Page 11



faced by decision makers” (Burgess et al.,, 2011). NIMBY-ism is the constraint from local
community and make RE projects hanged or abandoned, the general attitude to onshore wind
turbine is not to spoil the landscape and NIMBY model is learned by UK developers to construct
the opposite publics in local community (Jones & Eiser, 2010, Burningham, Barnett & Walker,
2015). On the other hand, British farmers can handle the extended spread of returns in longer
period if the initial RE project investment constraints are overcome (Mbzibain et al., 2013).
About 50% of the total application of onshore wind turbine do not pass the planning application
due to the intensive resistance from local community on different impact issues, like landscape,
noise, even health and safety, although the wind turbine Environmental Impact Analysis
combining all the impacts (Sturge, While & Howell, 2014). However, the solar PV projects have
lower environmental impacts even among the renewable energy field and the major challenges
of solar PV installation are technology, research and policy (Hernandez, et al., 2014). Large solar
farm is taken as a temporary structure which landscape and visual assessment is same as wind

turbine, but it is available to minimize the impact, even to zero (DCLG, 2015).

2.54 Driver

It was studied high Feed in Tariff price, easy transmission access and low transmission
charges are main drivers to promote renewable energy in the Europe and North America
(Alagappan, Orans & Woo, 2011). In UK, the innovation system of renewable technology also
played a significant role of on-farm renewable energy projects buildup because of the
technology maturity, innovation system of different renewable energy projects and new policy
instrument (Foxon et al,, 2005). It was found on-farm renewable energy production in Bavaria,
Germany was obviously influenced by domestic grid net transformation ability, farmers’
professional degree and local neighborhood effects (Schaffer & Diivelmeyer, 2016). The drivers
of on-farm renewable energy are combined or mutual affected in finance, policy, business and

innovation.

N0653081 Page 12



2.6 Chapter summary

[t was studied in this chapter that on-farm renewable energy projects could generate
power for human demand and reduce greenhouse gases emission. Meanwhile, farmers can
adopt on-farm renewable energy projects as diversification for their farm business. The conflict
between food security and energy security could be cleared and each security was a key factor
of sustainable development goals of UN. Costs, benefits, constraints and drivers of on-farm
renewable energy affected farmers to involve in this field. How these factors affected the on-

farm renewable energy projects, the author tried to understand by cases study in England.
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Chapter Three: Material and Methods

3.1 Chapter overview

The on-farm renewable energy projects are connected with farmlands and farmers, most
farmlands are owned and/or occupied by farmers and kept on agriculture. On-farm renewable
energy is a business, it is the same as agriculture. It is important to understand the costs,
benefits, and constraints of on-farm renewable energy projects by different farmers who really
involved in this business. Their view points, ideas and experience of different renewable energy
projects adoption are invaluable data to judge the practicality of renewable energy project in
different areas or regions. In this study, the author visited three different farms and farmers
where different capacity and types of renewable energy projects were mounted and generated
power or energy for demand. The author tried to utilize case study research to find the value of

different renewable energy projects.
3.2 Methods

Case study is “an empirical inquiry about a contemporary phenomenon, set within its real-
world context - especially when the boundaries between phenomenon and context are not
clearly evident” (Yin, 2012). Case studies are useful strategy to find out "how" or "why"
questions when people met and the question is descriptive or explanatory. For example, the
dispute between developer and local environment protectors in a rural village or decision-
making could be understood by the case study (Henn, 2009). The researcher is not able or hard
to control of the research topic or event that he is interested. The contemporary phenomenon is
expressed by users or interviewees with their experience. In this study, the author tried to
figure out the proper on-farm renewable energy projects which is really helpful to farmers and

further on-farm renewable energy project implications for Taiwan farmers.
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In this study, the author took qualitative research. It is popular to take quantitative analysis
to evaluate why farmers uptake specific on-farm renewable energy technology or projects. For
instance, younger, well-educated, information seeking farmers is studied that they are more

likely to involve in  ‘agri-environmental diversification’ which including the renewable energy

production (Sutherland et al.,, 2016), or adoption of solar energy is most popular RE technology
by farmer and less willing to invest in biomass related RE in UK (Mbzibain et al., 2013).
However, without difficult and detail questions, the qualitative research method is useful to
understand local farmers’ evaluation to adopt on-farm renewable energy projects due to
farmers are a special ‘sub-cultural group’ on a specific rural landscape with different
motivations or experience (Kuehne, 2016). By the qualitative research, it is able to understand

‘why and how’ on-farm renewable energy projects are adopted by farmers.

To understand the costs, benefits, constraints and drivers of adopting on-farm renewable
energy projects, it is assumed each farmer adopts the renewable energy is judged by farm
property, different types of cost, benefit, constraint and drivers which were influenced by multi
or single reasons, like drivers of farmer’s personal attitude to renewable energy, financial
condition, constraints of the influence from farmer’s community and government, the cost and
benefit about their projects, opportunities and resources to use different projects. By assessing
different cases in this study, the author tried “to predict similar results or to predict contrasting

results but for anticipatable reasons” (Yin, 2012).

The basic economic laws are applied to design the questionnaire of this study. To help
respondents (farmers) to understand the question and express their true opinions for further
promotion of renewable energy projects in different regions, the questionnaire of interviews of
this study is designed in 5 sections, including: 1. General information of farm and farmer, 2. Cost
of farmers’ on-farm renewable energy projects, 3. Benefit of farmers’ on-farm renewable energy
projects, 4. Constraints of farmers’ on-farm renewable energy projects, and 5. Drivers to make

farmers to adopt on-farm renewable energy projects. To develop this study, farmers of three
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cases who involved in renewable energy business were visited and interviewed in their farms

on 3 different days of July in 2017.

The East Midlands is the second largest wheat and oilseed rape production region in

England (DEFRA, 2017). East Midlands is also the region has highest proportion of agricultural

land of all UK regions and low proportion of running tourism as a diversified activity

(Beaumont, 2009). It is expected to study in East Midlands when considering the feasibility of

on-farm renewable energy project implications for Taiwan, especially for southern Taiwan

where is the main agricultural zone and its renewable energy resources, like solar and biomass,

are more adequate. The rural tourism in southern Taiwan is also not as thrive as other regions.

The questionnaire of interviews is designed as follow (see Table 3-1.):

Table 3-1. Questionnaire of interviews

Section Question
General ®  Location of the farm
®  Size of the farm
Information | ®  Ownership type
® Type of the farm business
®  Length of farming
® Type of renewable energy
®  (Generation capacity
®  Length of the renewable energy enterprise/project
®  Any specific information about the farm
®  Some information about the farmer
Cost of on- 1. How much have you invested so far for this renewable energy
technology on your farm?
farm 2. How did you raise the money to invest?
3. How did you find a designer or professional consultant to help
renewable you to build it? How long did it take for you to plan this
project?
energy 4. How does your renewable energy project affect your
agricultural production?
projects 5. How much time and money did you invest to receive planning
permission for your project? What types of activities did you
have to do for the permission?
6. How about the annual maintenance cost of this project? What
are those costs and how much did you invest for this?
7. How much will you pay to retire and remove this project if it is
inefficiency after 20 years?
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Benefits of 1. Whatis the financial benefit of this project? How do you feel
about this benefit?

on-farm 2. Is all energy produced by your RE project only for sale to
power grid, or are some portions used by your farm? How do
renewable you make the contract with the power company?
3. How does your energy project benefit your agriculture
energy business? Please explain?
4. What is the non-financial benefit of your energy project, for
projects example, environmental and ecological benefits for your farm

or the area, social or community benefits? Please explain.

5. Do you get other benefits from your energy projects? Please
explain if you get any.

Constraints 1. What regulatory constraints have you faced in your RE
project? Please explain.

2. What are the financial constraints that you have faced in your
RE project? Please explain.

3. What constraints relating to community opposition have you
faced in your RE project? Please explain.

4. What technical constraints have you faced in your RE project?
Please explain.

5. What market constraints have you faced in your RE project?
Please explain.

6. Are there other constraints that you have faced in your RE
project? Please explain, if there is any.

Drivers 1. What are the business-related or financial drivers that have
made you to invest and run on-farm renewable energy
project? Please explain.

2. What are the policy drivers that have made you to invest and
run on-farm renewable energy project? Please explain.

3. Are there other drivers that have made you to invest and run
on-farm renewable energy project? If there is any, please
explain.

4. So far, based on your experience with on-farm renewable
energy projects, will you make the same decision to invest on-
farm renewable energy in the future? Why?
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3.3 Material

This research is for understanding the RE adoption farmers’ first-hand data of the cost,
benefit, constraint and drivers during the time from their initial planning of renewable energy
project to follow months/years after connection with national grid, it is studied for the further
promotion and decision-making in Taiwan. Three sources of case study evidence were collected,
including interviews with farmers, site visit with conversation and direct observation (Yin,
2012). RE adoption farmers’ interviews were recorded at each farmers’ house (2 of all 3 cases)
or by their renewable energy projects. Without considering the unofficial conversation and site
visit guided by farmers (without voice recording but longer time than recorded interviews),
each case takes about 36 minutes to 1.5 hour, maximum, to finish 3 interviews. All interviews
were transferred to transcription files and coded by qualitative software, Nvivo, for further

research (Silver and Lewins, 2014). Each interview is an independent case.

Farmers’ names in this research were anonymous. All farmers were professional in
agriculture for over 40 years. Their farm land area was between by 100 to less than 300
hectares. All farmlands were owned or tenanted by farmers. Farmers grew or raised different
agricultural commodities, like beef, wheat, oilseed rape and beetroot, farming was their core
business. Environmental agriculture of all cases was another main income paid by government.
All on-farm renewable energy projects were applied and mounted on farmlands after 2010,
backed by the ‘Feed in Tariff policy in UK. Notably, farmers of all cases applied solar PV project
at beginning and applied wind turbines later, but only one wind turbine (Case B) was permitted
to run after long-term, unfinished legal battles and twice applications. Only one farmer used a
biomass project, however this project was not easy to use and maintain if farmer were not
supported by outside contractor. Except one utility-scale solar PV project (5SMW), other two
cases of on-farm renewable energy projects were owned by farmers (Case A & B). The capacity

of power of each case is as follow (see Table 3-2.):

Table 3-2. Renewable energy type and capacity of each case
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non-residential PV

system (Seel, 2014)

wind turbine+
Commercial roof-top

PV system

Renewable energy Case A Case B Case C

type and capacity

Solar PV Less than *Okw on | Less than *00kw on 5MW on ground
roofs ground and roof

Wind turbine - Over 3*0kw -

Biomass - - *00kw Boiler

Size Smallest capacity, Medium capacity, Largest capacity,

Utility-scale solar
farm (Rudolf &

Papastergiou, 2013)

Each renewable energy project of three case are observed during the site visit guided by

farmers (see PHOTOGRAPH 3-1~3- 4).

PHOTOGRAPH 3-1. One of on-roof Solar PV projects (10kW) of Case A.
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PHOTOGRAPH 3-2. Wind turbine project (over 300 KW capacity) of Case B.

PHOTOGRAPH 3-3. One of Solar PV projects (10kW) of Case B.
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PHOTOGRAPH 3-4. 5MW Solar PV project of Case C.
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Chapter Four: Results

4.1 Chapter overview

The costs, benefits, and constraints of on-farm renewable energy projects of this study
were connected and influenced to each other. However, some specific factors were the most
critical determinants due to applications of renewable energy projects was strongly determined
by human and nature factors in all 3 cases, these determinants also resulted other unexpected
extra cost and time loss or failures to all farmers. The following results were discussed in 4parts
as the interviews questionnaire in the cost, benefit, constraint and driver of on-farm renewable

energy.
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4.2 Costs of on-farm renewable energy

From the three cases of on-farm renewable energy projects investigated 5 main types of

costs were identified. These costs were explained as below.

4.2.1 Financial costs

Considering the cost of different on-farm resources is the main part to affect farmer
involving in renewable energy projects. All cases focused on this determinant and describe their
individual circumstance with comparable results. First, the financial investment in solar PV
panels was cheaper in recent years, it helped farmers to mount small non-residential solar PV
projects as a package on their farm easily. Unit price of solar PV panel dropped significantly
when farmers ordered their second solar projects of Case A and Case B. As PHOTOGRAPH 4-1
showed, the second solar PV project capacity (38Kw) is by 4 times higher than the first project
(10kW), but the price was 48 thousand GBP (38Kw) instead of 4 times of 20 thousand pounds

(10Kw). However, the annual benefit of second solar PV projects was not as high as the first

project due to the contract with power company.

PHOTOGRAPH 4-1. Farmer’s hand writing of his cost and annual benefit of two on-roof solar PV projects of
Case A.
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Family members are main supporter or financial source to help farmers to invest in
renewable energy projects (Case A), banks also offered their service to farmers (Case B). If the
project is utility-scale, farmer could be a partner of renewable energy project and rented their
land to receive benefit without paying any other capital cost as Case C. If RE project is small with
affordable price, farmers invested it by their own saving or borrow the loan with collateral from
a bank to invest (Case A & B), as farmer of Case A said: “My wife had the money to invest, it
wasn’t borrowed, personal finance”. If farmers needed to borrow a loan from the bank to invest
bigger on-farm renewable energy, the farmland is taken as collateral although the land value
was much higher than the loan as Case B. The land value of Case B was higher than X millions,
but farmers just lend half million pounds for wind turbine. It is another cost that farmer had to
afford. However, if farmer just rent land to investor to develop solar farm, farmers didn’t need

to pay the financial cost like Case C.

4.2.2 Planning and maintaining costs

Farmers could easily find RE designers, contractors or consultants at agricultural shows,
but their guarantee of solar panels were not firm and there was no guarantee if their consultant
company was broken (Case B). In fact, as the renewable energy was developed in recent years in
England, farmers complained the quality of consultant even they felt consultant was not
professional and farmers can solve problem faster than consultant. But the planning cost of
wind turbine is high as many survey and assessments must be finished before applying
permission (see PHOTOGRAPH 4-2, it is only one of assessments). The planning cost of solar
project was combined in total cost (Case A &B), wind turbine planning cost is about 1/7 of wind

turbine price (Case B).
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PHOTOGRAPH 4-2. Size of thick landscape and visual impact assessment of wind turbine project planning of
Case B put on the dining table.

Maintenance fee was necessary and paid to contractor to keep the wind turbine projects on
working every day and night (Case B). But, the solar PV projects were easier to maintain by
farmers themselves with almost zero maintenance fee as it was the combination of simple
power meter, panels and transformer. The maintenance cost of wind project was high and its
guarantee was longer because of the manufacture was big, international company,
manufactures preferred to offer long-term maintenance contracts with farmer (Case B) (see
PHOTOGRAPH 4-3). The maintenance contract period is 15 years long. However, farmers did

not hire any extra labour to keep solar and wind projects.
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PHOTOGRAPH 4-3. Wind turbine project of Case B is remote monitored and maintained by the manufacture
for 15 years.

PHOTOGRAPH 4-4. Solar project of Case A was controlled by simple power meters and switches.

4.2.3 Costs of agriculture affected by projects
Many people concerned renewable energy projects always affects food production, all

farmers proofed RE projects didn’t affect their agricultural production due to the limited area on
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marginal farmland, agricultural building roof or small foundation area for wind turbine. The

foundation area of wind turbine of Case B is only 0.2 hectare.

PHOTOGRAPH 4-5. Solar PV project of Case B is mounted on building roof, instead of farmland.

4.2.4 Regulatory costs

[t was easy to receive solar project permission due to simpler processes in days (Case A &
B). However, it was difficult to find a real professional consultant of wind turbine and to apply
its permission in all cases (Case B). Every wind turbine and its planning were very expensive
and farmers must have finished every planning and survey before apply permission of wind
turbine (all 3 cases). Farmers of Case A spent time and money to apply the permission of wind
turbine but they didn’t receive it yet. Farmer of Case C and investor spent time to communicate
with community but the government decided not to offer the permission even 3 huge wind

turbines were mounted by the solar farm of Case C.

4.2.5 Retire and remove cost
How to remove retired small RE projects after 2~3 decades were not sure in this study,

except the remove of 5SMW solar farm (Case C) was detailed in the contract between farmer and
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investor. Farmers of Case A & B had no idea of how to remove the retired on-farm renewable

energy projects.

4.3 Benefits of on-farm renewable energy

About benefit, it is another decisive factor of why on-farm RE projects were invested by
farmers. ‘Feed in Tariff policy is the carrot to attract on-farm RE investment if the project
capacity is under 5MW in UK. Small scale RE project like Case A, benefit is not as good as larger
RE projects, but payback period is estimated to be about 13 years (see PHOTOGRAPH 4-1). The
benefit of Case C is the land rent for solar farm, but the benefit of farmer was 8 times higher
than agriculture on the same land. The benefit of Case B was high as the combination of wind
and solar project. The onshore wind power was more profitable than the solar PV project as

longer working hours and higher capacity.

Majority of power generated by on-farm RE projects was exported to national grid in this
study. In UK, farmer can easily make a contract with the power company to sell power
generated by on-farm renewable energy projects due to third party, brokers or agents will help
farmers to match deals with negotiation (Case B) or the outside investor they will solve it by

themselves (Case C).

Agricultural income was low and payment from government was expected to be reduced in
the future, although agriculture was major concern of all farmers of 3 cases, farmers agreed RE
projects create new, long-term and considerable ‘high’ return income to reduce their bill and “to

plan and invest in the farm far more easily” by the benefit of RE projects.

Meanwhile, all farmers felt they were contributing to ease the climate change and
protecting environment, wildlife ecology and future of next generation as their non-financial

benefit. No other benefits were mentioned in all 3 cases.
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4.4 Constraints of on-farm renewable energy

Despite all farmers were satisfied with their solar projects due to fewer regulatory
constraints they had faced, they all complained the regulatory constraints of wind turbines.
They grumbled council government due to unable to receive permission of wind turbine, they
criticized “the government will suggest we go one way or we go that way and then they’ll
suggest we go another way” (Case A), or they thought government did not make decision
because of objections (Case A), farmers were hanged on their plans (Case B), or farmer felt it
was not fair that his neighbor received permission but his application was rejected (Case C).
Farmers strongly doubted why permissions of wind turbine were rejected although every

necessary survey had passed.

However, the financial constraints were not the main barrier to farmers’ RE involvement.
All cases showed attitude of farmers’ families are positive to renewable energy projects even
family members were main supporters or financial source to help farmers to invest in RE

projects.

The objections from minority of community was the biggest barrier to farmers to invest
their wind turbine projects, due to the application would be hanged on by the council
government. Minority people who objected wind turbine collected as many signs as they can to
block plans (Case A & B), they even had lawsuits with local government (not farmer) for years. It
was interesting as the author could not see any other neighbour’s house when the author visited
farmers, these on-farm renewable energy projects were isolated. The author argued “Is
backyard wide as far as the eye can see?”. This community constrains also created more lost due
to the extra transaction cost of different planning, lawsuits at courts and repeated applications.
On the other hand, the solar PV panels generated power on the agricultural buildings’ roof or
ground of farmers’ personal owned property (marginal land) were limited visibility. Farmers

could own their solar project or rent personal marginal land to outside solar investor.
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PHOTOGRAPH 4-6. Bird view point of Case B, there is not any neighbor’s house that author could see on the
hill.

PHOTOGRAPH 4-7. View of Case A, there is not any neighbor’s house that author could see on the farm.

Technical constraints were also not bans to farmers, in fact, RE technology is simple to use

and to understand by farmers (Case B). Market constraints were also not major obstacles to
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farmers in this study, however, in the future, the national grid might be full at different region

and time due to tension, competition over RE development to connect to grid.

4.5 Drivers of on-farm renewable energy

Vulnerable agricultural business is a business-related driver to farmers to develop their RE
project, due to changeable weather, worsen climate change, cheaper food price and uncertainty
of future government payment. Vulnerable agricultural business and generous ‘Feed in Tariff’

policy were “Push And Pull” factors to farmers to “invest in the one that gives us the biggest

return (Case B)” for their future. All farmers in this study acknowledged RE project is a long-

term diversification and they thought everything of their farms further than politicians.

Meanwhile, it was wetter and warmer in England; farm land was washed away as strong
soil erosion that they have never met before (Case B). Fossil fuel burning was a main reason of
global climate change, farmers have strong wish to generate green energy and they mentioned
“don’t shut the door when the horse is gone” (Case C). Farmers all concerned the future of
agriculture and they believed “the future relies on what we do now”, “People are not going to be
here forever (Case C)”. However, they would prefer to withdraw renewable energy project

investments if the support from government was not stable, sufficient and the community

objections are not persuadable (Case B).

4.6 Chapter summary

All farmers of this study owned strong intention to develop their on-farm RE projects,
however they all faced the same constraint from local community objections of their wind
projects. Diversification is their main purpose to help them keep on agriculture, their core
business. With back of generous ‘Feed in Tariff’, farmers’ on-farm RE projects generated stable
income or reduced bill cost, but also benefited the environment for public. Farmers believed the

theory of global climate change and face the same problem of low agricultural benefit, even they
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thought fewer payment from government is possible due to political uncertainty (like Brexit).
When they guided the author on site visit, farmers talked about they transferred their
conventional agricultural products to organic beef and organic soft fruit, or they adopted
rotation system to fertilize arable land with reduced fossil-fertilizer use and they planted more
hedges to reduce soil erosion. They even keep beehives on solar farm to enhance pollination for
agriculture (see PHOTOGRAPH 4-8, 4-9). All farmers kept on trying to maximize their benefit
and minimizing their agricultural cost. With sustainable development ideas, farmers kept their
farms well when author visited. Different wild flowers, like poppy or thistle, grew among wheat
or oilseed rape plants, pheasants, quails and skylarks flew high suddenly from dense grass
under solar PV panels when the author walked by, hares leaped or sat by the agricultural
unpaved road when a vehicle passed (see PHOTOGRAPH 4-10). The on-farm renewable energy
projects not only coexisted with agriculture production, it also benefited the natural

environment.

PHOTOGRAPH 4-8. Bee hives were kept on solar farm of Case C, vegetation beneath solar PV panels was a
food source of bees.
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PHOTOGRAPH 4-10. Wild flowers blossomed and bird hide by the solar farm of Case C
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Chapter Five: Discussion

In this chapter, the author discussed what had learnt from all cases in England and try to

suggest proper on-farm renewable energy projects for Taiwan.

5.1 Overview of Cases in England

[t is interesting that council government is grumbled by all farmers due to the attitude and
permission release of renewable energy, although the goal of 20% of the EU’s gross energy
consumption set to be generated by renewable energy sources by 2020 (EU, 2009). All cases
received the permission of solar PV projects, but they also faced problems to receive wind
turbine permission from council government. If the solar project was on a building’s roof which
area was smaller than roof or all surveys of earth mounted PV project were passed, there was

no obstacle to receive permission from government.

5.1.1 Costs of on-farm renewable energy

Price of solar PV panels dropped in recent years, it is easier to farmers to invest on solar
project, Case A & B both indicated that much cheaper unit price of PV panels was offered by
suppliers when they ordered their second solar projects. It was a testimony of Swanson’s Law
(Swanson, 2006). But, it was studied PV panels recycle is negative, troublesome without
appropriate policies to support and the responsibility of recycle belongs to the entire energy
industry (Mcdonald & Pearce, 2010). Although EU required all producers offering PV panels to
European market to finance the recycling costs of ‘end-to-life PV panels’ from 2012, based on
the “extended-producer responsibility principle” (IRENA, 2016, EU, 2012), the real situation will

be tested in 20 years later instead of this moment.

The utility-scale solar farm cost in this study was high in 2011, the levelized cost of energy
(LCOE) of solar power without subsidy was expected to keep on dropping, LCOE per kWh of

utility-scale solar farm in East Midlands was estimated to decrease to 0.09 GBP in 2015, 0.07
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pound in 2020 and 0.06 pound in 2025, LCOE of commercial roof solar project and LCOE of
solar project on residential roof both were assumed to decline (Reid and Wynn, 2015). Wind
turbine produced more power to grid with lower LCOE in recent years, its LCOE is predicted to
by 80 USD/MWh in the last year of 2010s (Kumar et al., 2016). The LCOE of solar was expected
to be equal, even lower in next decade. In 2015, the “Average disclosed capex (capital
expenditure) in 58 Climatescope countries ($m/MW)” of solar PV is 2.15, just a little higher than
onshore wind power which figure is 2.02 (Climatescope, 2016). In the future, solar PV project

might be most competitive project.

5.1.2 Benefits of on-farm renewable energy

Notably, every farmer complained wind project permissions and no one emphasised their
benefit of solar PV projects. In this study, wind turbine was difficult to develop although it was a
profitable on-farm renewable energy project, solar project was an easy, quiet, feasible “second
best”, but most farmers were not really interested in it when they share ideas to the author.
Farmers preferred to maximize financial benefits when they uptook renewable energy projects,
even farmers “expressed their commitment to sustainability” (Firbank, et al., 2013). Farmers’
benefit of agriculture is relatively low and it is proofed that farmers’ environmental awareness
like changes of planting hedges or organic farming have few or zero economic benefits (van
Vliet et al,, 2015). The study of agri-environmnet diversification (AED) also indicated that
farmer with environmental awareness participated environmental agricultural may lead to

renewable energy production as the author found in all 3 cases (Sutherland, et al., 2016).

It was confirmed by farmers of Case B that wind project generated by double benefit more
than solar project within the same capacity in last few years. Generally, a wind turbine annual
capacity factor in UK is about 25% to 40%, only about 10% for solar PV panels due to the
weather in UK is cloudy (Boyle, 2012). The average load factor of wind turbine is about more

than 2 times higher than solar PV panels in UK (Staffell & Green, 2014, Reid and Wynn, 2015).
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5.1.3 Constraints of on-farm renewable energy

‘Not in my back yard’ or ‘NIMBY’ is an abstract idea and how big is ‘back yard’ is doubted

(Jones & Eiser, 2010). Farmers doubted community objections might be major barriers to delay
the permissions of wind RE project from government. It is studied the strong connection existed
among investor of turbine, support of local citizens and a “smooth administrative handling
projects” by local government for positive effects of wind power, local government also need
“forward admission process” and “balance all interests involved” simultaneously (Sperling,
Hvelplund & Mathiesen, 2010). Only about half or less than half applications of onshore wind
turbine projects in UK will be accepted although the wind turbine gearbox was mounted on
relatively ‘low’ attitude (like Case B) for less objections of visibility (Sturge, While & Howell,

2014, Mason, 2015).

5.1.4 Drivers of on-farm renewable energy

Vulnerable agriculture is confirmed as the main driver to push on-farm renewable energy
in this study. The agriculture in the East Midlands was not a profitable business. During the
period of 2011 to 2015, East Midlands total agricultural income decreased over 400 million
pounds, about 29%, the decrease for whole England was only 24%. However, over 1/5 of wheat,
more than a quarter of oilseed rape, almost 1/3 of field grown vegetable and by 1/4 of sugar
beet of total growing area of England are occupied in the East Midlands (DEFRA, 2017).

Diversification were needed by farmers.

5.2 Whatis Taiwan able to learn from the British experience

In UK, backed by Feed in Tariff policy, farmers could keep on agriculture business by the
combination of on-farm renewable energy and conventional farming. By the on-farm renewable
energy projects, UK farmers took a profitable diversification, improved rural development and
played the roles of food producer and clean energy generator with new sources of conflict

(Holstead, Galan-Diaz and Sutherland, 2017). Although the financial benefit by solar project was
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less than wind project, it may be changed in recent years because of advanced technology and
the increased efficiency of whole solar value chain (Swanson, 2006, Reid & Wynn, 2015). It was
found farmers relied on the diversification of on-farm renewable energy projects for their long-
term agricultural planning in this study (case B & C). When Taiwan farmers imply for on-farm
renewable energy project, which projects are available and energy generation can coexist with
food production? How on-farm renewable energy projects in Taiwan can generate power on
limited arable land area? The author argued there is an opportunity for solar project with
innovation ideas to develop in Taiwan, instead of onshore wind and biomass. Three programs of

solar project, ‘Agrivoltaic system’, ‘Diversify surplus rice field’ and ‘Floating Solar Photovoltaic

project’, may be proper solutions for future on-farm renewable energy development in next

years.

5.3 Wind project or solar project in Taiwan?

Western coast of Taiwan is one of the best global locations for offshore wind (WEC, 2016).
But onshore wind is not offshore wind, strong community NIMBY-ism also existed in Taiwan
due to high population density and fear of pollution, compensation and negotiation were
needed to solve different environmental impact cases in Taiwan (Chiou, Lee and Fung, 2011).
Onshore wind energy is limited because of only 7.47% of total wind power resource is
forecasted above Taiwan land (Chen and Lee, 2014). Average land area owned by smallholder in
Taiwan is small, it is impossible that turbine blade only rotated on single farmer’s own land but
wind turbine with larger rotor was more efficient and lower cost of per kilowatt-hour (Ani,
Polinder and Ferreira, 2013). To avoid future conflicts, the regulations of energy co-operatives
may be adopted that Denmark wind project developer must offer more than 20% of ownership

to community people who lived in certain distance (R <4.5KM) to buy shares (Sperling,

Hvelplund & Mathiesen, 2010). On the other hand, Taiwan was ranked as top two of global solar
cell supplier (Su, 2013) and the solar energy in Southern Taiwan is about 45 percent higher (see

Table 5-1) than in East Midlands, England (World Bank, 2017) because of the latitude of
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Southern Taiwan is in the south of the Tropic of Cancer. The solar PV is a mature on-farm

renewable energy project to Taiwan.

Table 5-1. Annual PV electricity output in Southern Taiwan and East Midlands (Source: Global Solar Atlas, the
World Bank)

Place Photovoltaic electricity Optimum angle of

output (PVOUT) PV modules

Tainan Highspeed Rail Station, | 1428 kWh/kWp per year | 21°/180°

Tainan City, Southern Taiwan

Linbian station, Pingtung, 1413 kWh/kWp peryear | 20°/180°

Southern Taiwan

Southwell, Nottinghamshire, 951 kWh/kWp per year 38°/180°

UK

Skegness station, Lincolnshire, | 1007 kWh/kWp per year | 38°/180°

East Midlands, England

Madrid, Madrid, Spain 1627 kWh/kWp peryear | 34°/180°

Sydney, Australia 1465 kWh/kWp peryear |32°/0°

5.4 Limit of Biomass/Biofuel project in Taiwan

By introducing support policies for the production and consumption of biofuels, the
agricultural sector can diversify its activities and open access to new markets that are
economically viable in the long term (IEA, 2011). However, farmer of Case C was not satisfied
with his biomass boiler as too much limits that many outside contractors were needed for short
rotation coppice and maintenance. Meanwhile, large area is needed to produce biomass. It was
50 or 150 times larger land are needed for biogas or biodiesel yield if same quantity of power
was generated by solar PV panels on unit area in Europe (Poncet, et al,, 2012). The Royal Society

for the Protection of Birds (RSPB) suggested the greenhouse gas emissions from biomass power
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is not as people expect, it might make global warming worse if the UK government assumed
biomass power is automatically carbon free (RSPB, 2012). It is recommended by the Royal
Academy of Engineering (RAE) that only the second-generation biofuels which is made from
agricultural waste and residues of forest industry have higher capability, with fewer GHG
emission and no risk of land-use change, to be used as renewable energy (RAE, 2017). The area
of farm land in Taiwan is small, it is more difficult to develop biomass and biofuel derived from

crops, instead of agricultural waste.

5.5 Three suggested solar project programs in Taiwan

In this study, it was found solar PV project is a better choice of on-farm renewable energy
development in Taiwan for next decade. Combining food security and energy generation, the
author suggested 3 programs of solar PV projects is possible to develop in Taiwan rural area,
including ‘Agrivoltaic system’, ‘Diversify surplus rice field’ and ‘Floating Solar Photovoltaic

project’.

5.5.1 Agrivoltaic system

Solar PV energy transformation efficiency is about 5 times higher than the photosynthesis
effect of plant (Dupraz et al.,, 2011), the efficiency of latest commercial solar PV panel is even
over 20% (Energysage, 2017). Dupraz argued “Agrivoltaic” is a solution, instead of a
competition, to combine agriculture and on-farm renewable energy into an integrated system
and the global land productivity may increase over 1/3 to nearly 4/3 if the Agrivoltaic system is
efficiently combined with agriculture for countries with limited farmland (Dupraz et al., 2011).
The author argued the combination of farming and solar photovoltaic project is a type of
“Facultative Mutualism”, although the solar photovoltaic panel is man-made device. For
example, as global warming, elevated temperature affected most rice growth and yield
decreased by one tenth for every 1 Celsius degree increase in growing-season minimum
temperature in the dry season (Peng, et al., 2004, Krishnan, et al., 2011). Agrivoltaic system is a

shade to protect crops from the extreme feverish temperature.
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[t was examined that the water losses of lettuce and cucumber through evapotranspiration
are reduced and significant water saving of evapotranspiration, 14~29%, under the
photovoltaic panels shade. Growing water use of selected vegetable species is more efficient in
agrivoltaic systems (Marrou, Dufour & Wery, 2013). On the other hand, under different solar
radiation type, the relative lettuce yield at harvest was equal or higher than the lettuce grew
with full sunshine radiation because of lettuce adapted to radiation conditions by its
compensatory mechanism, the lettuce Radiation Interception Efficiency (RIE) in the PV panels
shade was improved although its Radiation Conversion Efficiency (RCE) change is not obvious
(Marrou et al,, 2013). In the US, only in the lettuce production, it was estimated to over 30% of
economic value increase of shade-tolerant crop production under solar power generation
system and create over 40 GW renewable energy if vegetable cultivation is converted to
agrivoltaic system (Dinesh & Pearce, 2016). In China, not only the positive effects of economy,
the diffusion effect of this combination is also concerned due to the new jobs of renewable

energy and reduced carbon dioxide emission (Li, et al., 2017).

. PV moddes

—

Cmi) Area Y

Figure 5-1. Agrivoltaic farm having PV modules mounted on stilts (Source: Dinesh & Pearce, 2016).

However, solar radiation reduction evaluation is required as it changed in different
facilities. A small greenhouse (area=960m2) with 50% roof area is covered by solar PV, the
annual solar light reduction was almost 2/3 (64%), not only half (Cossu et al., 2014). The
checkerboard PV panel arrangement is better in sunlight spatial distribution than straight-line

PV arrangement (Fatnassi, et al., 2015). These researches also hint us that greenhouse with

N0653081 Page 40



100% photovoltaic cover on roof is not conducive to vegetable, melon and rice production.

Further researches of different facilities arrangement and vegetation species are needed.

5.5.2 Diversify surplus rice field

It is expected that Taiwan population will decrease due to the low birth rate in 2018
(FAOstat, 2017). However, the annual rice production in recent years grew significantly because
of farmers were encouraged to grow rice by a better ‘rice purchasing at guaranteed price’ policy,
higher price for “public rice”, offered by government since the year of 2011 (Yang, 2016). It was
expected to reduce about 30,000 ha farmland which were growing rice (Hsu, 2015). However, in
recent years total rice production was still high due to the improved price policy and certain
purchase quantity with guaranteed price by NT$21~26 (about 0.50 to 0.65 GBP/Kg). The
average farm price of rice in the USA was only 10.2~16.3 $/cwt (about 0.20~0.32 $/Kg or
6.06~9.72 NT$/Kg) (USDA, 2017). This ‘rice purchasing at guaranteed price’ policy is executed

since 1974 and its three policy goals of “farmer’s income rise” , “national food stock” and

“keeping food price stable” have achieved over forty years. Studied by Chen in 2007, over 40%
of annual average income of domestic rice farmers is paid by the budget of rice insured
acquisition policy (Chen, 2007). Taiwan farmers who do not participate in “rice purchasing by
government at guaranteed price” policies undertook the risk of profit losses (Huang, 2012). Due
to the policy, it was allowed that farmers just focus on quantity of production without
considering rice quality and it resulted to food waste that certain amount of ‘public rice’ was
kept in the warehouses for several years (Yang, 2016). After joining WTO in 2002, Taiwan is the
only country still promotes this insured acquisition policy for protecting rice farmers, while

Japan shifted to run a direct payment (Matsukura, 2013).

This surplus rice insured acquisition policy is also not positive to environment
conservation, due to the overuse of fertility, pesticide to increase weight of rice production

instead of rice quality. Overuse of fertilizers is the main source of non-CO2 greenhouse gas, soil
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microbes on farms may emit unexpectedly elevated levels of nitrous oxide which heat-trapping
power is almost three hundred times stronger than carbon dioxide (IPCC, 2007). It is harmful
and in violation of UN sustainable development goal, “End hunger, achieve food security and
improved nutrition and promote sustainable agriculture” (UN, 2016). However, a popular policy
is not easy to be dismissed in a democracy regime although this policy resulted to food waste.
Solar farm with soil management on selected rice field will ease the environmental degradation,
farmers can receive income from power company instead of government subsidy. It was
studied, in Hunei, southern Taiwan, the solar PV investment payback period was only 12 years
(Hsueh, 2015). In UK, it takes 2 hectares land for 1MW solar power generation (Scurlock, 2015),
the PV output in Taiwan is higher and less farmland is needed. This program is positive for food

security and energy security.

Total, rural and urban population in Taiwan from
1950 to 2050
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Figure 5-2. Total, rural and urban population in Taiwan from 1950 to 2050 (Source: FAOstat)
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Taiwan Population and food balance sheet (Rice)
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Figure 5-3. Total, rural and urban population and food balance sheet of rice in Taiwan from 2000 to 2050
(Source: FAOstat)

5.5.3 Floating Solar Photovoltaic project

Exceptrice fields in Taiwan rural area, there are over 40,000 hectares of fish ponds with
68,000 aquaculture farmers located in different plains, especially in the central and southern
Taiwan (Fishery Agency, 2017). The aquaculture is vulnerable because of the climate change
and frequent weather events. The trend of longer drought duration is obvious, particularly in
Southern Taiwan and more strong-rainfall events induced by typhoons and monsoon system
are noted from the year of 1950 to 2010 (Chu, Chen & Lin, 2014). Moreover, the frequency of
lighter rain shows a decreasing trend, dry days add in the period of 1970 to 2010 (Tu & Chou,
2013). Fatal virus and bacteria exist and grow in the warmer and warmer environment or after
the typhoon events (Ho, et al., 2016) There are some extreme frost events also happened in this
hot island in recent years. Aquaculture was seriously affected during extreme frost 2008 and
2016, many aquaculture farmers suffered and lost due to unexpected cold (NCDR, 2016, NCDR,
2008, Chang et al., 2013). Aquaculture farmers will rely on more electrical waterwheels to keep
the fish and other aquatic products on growing. It also need more water due to higher
evaporation in fish ponds. However, if the on-farm renewable energy is available to develop on
vast fish ponds, it will help aquaculture farmers reduce their energy bills and diversified their

aquaculture business just as crop farmers do.
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Floating solar PV project is equipped on the fish ponds, this project even generates over
10% more power than ground or on-roof types because of the higher power generation
efficiency enhanced by cooler space between panels and water body (Choi, 2014). In Thailand, it
was studied and recommended to equip renewable energy projects for shrimp ponds due to the
higher reliability and lower cost (Nookuea, Campana, and Yan, 2016). With effective cover on
the water surface by the floating solar Photovoltaic projects, the evaporation was reduced
significantly (Tsoutsos, Frantzeskaki and Gekas, 2005). The cost of a floating solar Photovoltaic
project with over 25 years life span might be recovered in only 5 years with lower water
temperature and algae growth reduction and stable water quality (Sahu, Yadav & Sudhakar,
2016). It also can be used as the windbreaks and covers of the water during the extreme frost
days. Combining new industrial material, water-saturated MEPCM and its heat release, water
temperature of fish pond equipped with solar PV project could be kept during frost winter (Ho,
Chou and Lai, 2014). These concepts of floating solar Photovoltaic project was similar to the
experimental project of “Raise Water, Grow Electricity Project” in Pingtung, southern Taiwan,
which tried to prevent further land subsidence and revitalized domestic economy with new job
opportunities for local farmers who suffered from flood and land salinization after fatal Morakot

Typhoon invasion (Lin, 2017, Su, 2014).
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Chapter 6: Conclusions

6.1 Key study conclusions

In UK, farmers produced food and on-farm renewable energy for households, although food
price is low and regulatory, community constraints obstructed on-farm renewable energy
development. British farmers in this study were willing to involve in on-farm renewable energy
business with the backing of “Feed in Tariff” policy and their personal belief about keeping
agriculture and environment, they diversified their agriculture business, tried to reduce their
energy cost and earn reasonable financial income as future proof for their long-term planning of
keeping their farms and “farm as though they are going to farm forever”. Less, slighter impacts
of climate change can be expected as farmers devote to reduce greenhouse gases emission and

generate more on-farm renewable energy by their projects for public.

6.2 Lessons for Taiwan

In Taiwan, the renewable energy percentages of Taiwan total power consumption were
still low, about 0.6% by wind and 0.5% by solar in 2015, but coal saving and carbon dioxide
emission reduction in this year were tremendous, over 930 thousand tonnes and 1.33 million
tonnes, respectively, and its effect was equal to 120 thousand hectares of afforestation in
Taiwan (Taipower, 2017). Furthermore, solar PV and wind energy were regarded as up-and-
coming energy sources due to the superior geographical latitude and “advanced technological

acquired in the related industries” in Taiwan (Chen & Lee, 2014).

Taiwan farmers faced challenges of climate change in these decades. How can they cope
with the weather and keep on farming for next decades? Diversification of renewable energy is a
positive choice to Taiwan farmers as what British farmers did, agrivoltaic system and float solar
PV panel projects are alternative options for better food production and power generation.

Farmers can keep in financial safety and protect their agricultural or aquaculture productions
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|
and poverties. Furthermore, some rice fields can be transferred to solar farm to create better
nature environment for pollinators, nectariferous plants and other wildlife, rice farmers can still
receive reasonable economic benefit and preserve their arable lands with fertility for the future

few decades. Food security and energy security will coexist in Taiwan.

6.3 Study limitations & Recommendation for future studies

It is limited in this study due to only three cases is studied, the author tried to visit more
farmers who involved in on-farm renewable energy projects, most farmers refused to offer their
experience. One of the difficulties is the question about benefit of on-farm renewable energy
although farmers’ names in this research were anonymous, it seemed rude to ask this question
by an international student. But, the vis-a-vis interview to observe and interview are necessary
to plot a picture of on-farm renewable energy project development in England. This study

should be kept on researching for years to find more precise information for policy making.

Except regulatory constraint, farmers of this study faced the limit of power export from
projects to grid although they wished to maximize their on-farm renewable energy benefit. The
“well-planned, priority grid access” for renewable power that adopted in Germany and
“anticipatory transmission planning” are needed in next few years (Sutherland & Holstead,
2014, Anaya & Pollitt, 2015, Alagappan, Orans & Woo, 2011) if any government wish to promote

on-farm renewable energy projects.
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