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ABSTRACT

An eight-lot residential subdivision in central Wairarapa is being developed to demonstrate the
principles of sustainable resource management. Local energy sources for low and high grade
use, including electricity sourced from proposed grid-integrated, on-site, distributed
generation will supplement imported network electricity. A unique component is an internal
loop grid for lot connection that interfaces with the local network through a single connection

point.

A decision model was designed as a decision-support tool for the development based on the
annual supply-demand electrical energy balance, site infrastructure covenants and a range of
economic and technology criteria. Solar and wind resources were assessed for potential supply
of electricity to the community energy system. Three demand profiles were developed using
supplied and estimated electrical demand data; and included assumptions on thermal
performance of the houses, the use of low-grade heat, user behaviour, and appliance use.
Supply and demand were analysed as daily average profiles by hour for each month of the

year.

The decision model outputs were designed to give a graphic view of the system options. The
accompanying output datasets also enabled a number of scenarios for connection
configurations, load management, and economic sensitivity to be explored for their impact on

the communal approach to managing energy.

The viability of the community energy system is significantly influenced by managing demand
level in conjunction with system size, capital cost management, and tariffs for electricity
import and export. Energy requirements could be best met in the short term by installing a
site-wide mixed generation system of sized capacity between 5 and 11kW, supported by

metering and information technology to deliver management data to the residents.

Future research opportunities exist to continue monitoring technical, economic and social
outcomes from this unique community development. Incentivising private investment in user-
focussed energy innovations is an option for New Zealand to consider in the current climate of

market-driven large scale electricity developments.



ACKNOWLEDGMENTS

Many people have contributed along the way to completing this work. In particular | would like

to thank:

The team at Beacon Pathway Ltd, in particular Vicki Cowan and Verney Ryan for providing

data, encouragement, and much useful feedback.
Honeywell Ltd, for financial assistance from their Bursary in Energy Management.

Andy Duncan, for suggesting | use Totarabank as the subject of my study; and for

demonstrating what can be achieved through tenacity and vision.

My supervisor Phil Murray, for patiently steering me through the completion of this research.
Kathy Hamilton (Massey University) for expert wrangling with the administration system.
Caroline Elliot for moral and technical support during the darkest hours of writing.

Alister Gardiner (IRL), and Ron Beatty (ECNZ) for early technical advice and encouragement.
Numerous friends, family and fellow tutors from Literacy Wairarapa for being so tolerant.

Lastly and most importantly, | want to acknowledge my husband Steve for his moral, technical,

and financial support. It's now my job to do the same for him.

There were a number of unexpected challenges during the course of this work. One source of
inspiration that encapsulated these rocky periods came from the late Sir Edmund Hillary’s 1952

crossing of the Nup La Pass in a storm:

“Often I’'d come to an impossible drop or a gaping crevasse and know | was on the
wrong route. And then | would climb wearily back to the last piece of track | knew and
try again. Many of the crevasses had widened and many of our snow bridges had gone.

But we found a way down.”

Excerpt from High Adventure, (Hillary, 1955)



TABLE OF CONTENTS

FY 2 Y 1 2V O PP PP PP PPPPPPPPPPPPPPPPPRPRS 1
ACKNOWLEDGIMENTS ...ttt teteeeeetetete ettt teeet e et tee e e et et s et aeeseeeeeseseseseeesanenanenenenenenens 2
TABLE OF CONTENTS. ..cutteitteeiteete ettt ettt st ettt et et st st e b e b e sbe e sbeesmeeeateebeenbeesaeesanesane 3
LIST OF FIGURES @Nnd TABLES .......oeiiieieeteete ettt sttt ettt st s smeesaeeeee e 8
LIST OF ABBREVIATIONS ...oeeeieeeeeitietttetttteteteteteetteeteeeeteeeeseeeeteeeeeeseeesesesesesesesesesesenenesenenenenenenenenene 12
T INTRODUGTION ..ctttttttttttttttuertttttteeereeteereaeeteereserere et e———————————————eees——ereeertetr.—.———————————————— 13
L2 INEPOAUCTION .ttt sttt e b e s bt e sat e st e et e e beenbeenneas 13
1.2 Case StUdY BacKGroUNd.......cocuviiiiiiee ettt e e e e e tee e e s ebte e e e sreaeaeeans 14
1.2.1 The Totarabank DevelopmeNnt ........coiiiiiiiiieeccee e e 14
1.2.2 Defining Sustainable ENEIEY ....coccviiiiiiiiiieiieee ettt e sree e sree e s ree e s e saaee e e e 15
1.2.3 Residential Sustainability ReSearch .........cccccueeeeciiiicce e 16

1.3 Problem STatemENt....cc.ci ittt sttt be e 16
L8 AlIMIS ittt e et a e s b e s ba s 17
R 0] o T =Tt 41T PP 17
1.6 ProjECt EXCIUSIONS ...vviiiiiiiie et ettt ettt ettt e ettt e e tte e e e et e e e e sbteeesetbeeeesasteeeesnsaeaeanns 18
1.7 REPOIT OVEIVIEW ..euiiveiiiiiieiiietieeeeteereeerereeaeeeeeeereeeeeeeeeereraeereereerererer. 18

2 LITERATURE REVIEW ..ottt e et e e e s s snra e e e e e e s s 20
2.1 Overview of the NZ Electricity Market.........ccoocuieeiiiiiiieciiieee e 21
2.0 1 MArket SErUCTUI . ..cooeii ettt e sar e s e sne e e sareeenneeas 21
2.1.2 Renewable Energy in New Zealand.........coccuviiiieei i 25
2.1.3 Distributed Generation in New Zealand ........cc.ccovvevviiriiniieneeneenee e 27
2.1.4 NZ Market Structure INSINtS ....c.cccuviiiiiiie e e e 35

2.2 Sustainability and ENergy in NZ.........ooeieeiii ittt screee e e e e e e e cbraee e e e e e e e ennes 36
2.2.1 Policy and REZUIGLION ......uuiiieeee et e e e e e e e e e e 37
2.2.2 Innovation for Residential Sustainability .........cccccoveiiiiiiiiiii e, 37



2.2.2 INAICatOrs @Nd IMEASUIES.......uuee e asssanann 39

2.3 Management of Community ENergy SYStEmMS......ccoccuiiiiiiiiiiieiiieeeeciiee e ssre e e ssaeee s 40
2.3.1 Defining the Community ENergy SYStEM ......c.ceviiiiiiiiiiiiee et 40
2.3.2 Managing the Energy BalanCe..........ooooviiiiiciiie ettt 45
2.3.3 Distribution and CoNtrol SYStEMS ......ccccuiiiiiiiiie et e e e e 56

2.4 Insights from Previous Case Studies and Research........cccocccevieiiiiieniienniienee e 62
2.4.1 New Zealand Case Studies and ReSearch.........ccccceerieeriiiiniieeniie e 62
2.4.2 International Case StUAIES .....cc.coiiiriiiiiiieeeee ettt 66

2.5 REVIEW SUMIMAIY ..iiiiiiiiiiiieecese e s 69

3 METHODOLOGY - STAGE ONE....eee s 72

3.1 INtroduction aNd OVEIVIEW ......ciiiiiiiiiieiieeriee ettt ettt st e st e et sabe e sbeeesareesaes 72
3.1.1 Assumptions for the Energy Balance .........ooeocuiiiiicciiiee ettt 73

3.2 Key Element INpUt Process — Stage L.....ccccveieeciiieecciiee ettt e e saae e e etae e e seaneee s 73
3.2.1 Site REQUIrEMENTS...ccc i, 74
3.2.2 DeMANd DatasetS.....cereereerierieiiieiteese ettt 75
R BN o] o] NV D - 1YY U SPPRPRN 81
3.2 4 Energy Management. ..o, 83
3.2.5 Demand Data BENChmMarking .........ccueeeieciiieiicieee ettt e e et e e e ateee e 84

4 GUIDE TO THE DECISION MODEL.....ciiiiiiiiiiiiiii ittt e e 86

i R oo [ ¥ ot T o TSP PSR PPO PP 86
4.1.1 Core Functions of the Model ........c.coiiiiiiiiiiieee e 86
4.1.2 MOl OVEIVIEW ... .eiieeiieeiiie ettt ettt e e s e e sab e sare e s meeesareeesnneens 87

4.2 Process DELAIl...c.ueeuieieeiieiierte e e et 88
4.2.1 Community DemMand Profil..........ceoviiieieiiiie e 88
4.2.2 Community SUPPIY Profile ...eoo ettt e 89
4.2.3 Electrical ENergy BalanCe ........uuuiieeeii ittt e e et e e e 89
By N ol gTe] o Y (ol AV g =1 ] SR 91

e Aol T T o IV g =1 ] TP 92



4.3.1 Decision Model CalCUlator PrOCESS .........vvvviveviieiiiiiiiiieiieeeeeeeeeeeereeeeeeeeeeeeeeeeeeeessreeeeeee. 92

4.3.2 SCENATMIO OVEIVIEW ...eeeiiieiiiiiieieitiee ettt ee ettt e e st e e st e e s e e s e e e e s ann e e e e snneeeesannnneens 93

4.4 MOl Validation.....c.eeiieeeieeee ettt ettt e sab e st esne e sare e 95
4.4.1 Initial Energy Model CoOmMPariSON......c.uuiiieciieeicciiee e e et e e ecire e e e stre e e ssaaee e eeaaeee s 96
4.4.2 The Validation PrOCESS ...c..uiitieieeieeieeriee sttt ettt ettt sttt ene e 97

D RE S U LT S s 99
5.1 Decision Model USer OULPULS ......ciiiciiiiiiiiiieeeiiee s ecieee e sciee e e st e s sstre e s sseae e e ssnsaeeesnnnneae s 99
5.1.1 Site CapaCity . ccce i, 100
LT A o 1T =4V 2 T - o [o] YRR 101
5.1.3 Energy Management ECONOMICS.......uuiiiiieiiiriiiiiiteee et ee e e e s s sinreee e e e s s e sasaaees 102
5.1.4 Annual Electricity Cost and System Performance.......ccccccceeevciieeivicieeeccciieee e, 104

I Yo=Y o ¥ [ Lo I o F= 1AV PR 106
5.2.1 Connection OPLiONS ...cooiiiiiiii i, 106
5.2.2 ECONOMIC SENSItIVILY tooviiiiiiiii i, 116
5.2.3 ENergy Management. ..o 122

5.3 Decision Model Validation - HOMER ........ccccoiiiiiiiieiieencrc e 125
5.4 NEEWOIK IMPACT ..eeieiiiie ettt e e et e e e et e e e e e abe e e e eateeeeenbeeeeennsens 127
5.5 SUStaiNability ASSESSIMENT ....cciiiiiiieciiiie et e et e et e e e e e et e e e e e abe e e e eabee e e enreeesenrens 130

6 DISCUSSION ...ttt ettt ettt st sttt e bt e st e s e e sanesane e st e b e e neesmeesmneenneenneens 133
7 CONCLUSION and RECOMMENDATIONS ....ccutiiiiiieiieereenieesee sttt e e s eneens 139
B APPENDICES ...ttt ettt ettt e et e e ettt e e e e e e s bttt e e e e e e e nnbee e e e e e e e e arrraeeeeeeenn 142
APPENDIX A: CHAPTERS 1 and 2 SUPPORT MATERIAL ..cccooviieiiiiieeeritee et e e 143
AL TOtarabank OVEIVIEW .....cc..ieciieiieiiieiienite ettt ettt sttt st s e b e e e e e 143
A2 NZ Electricity Market HiStOry ......occuiii ittt et e e e ste e e vaee e 145
A3 Sustainability INAICAtOrS. ..o e 146
A3.1 Sustainable RUFAl POWET .......c.cueiiiiiiieeeeeee e s 146
A3.2 National Value Case for Sustainable Housing Innovations.........cccccceeeveeeeecieeeeenee, 147
A3.3 Development of Renewables Framework for Decision-Making.........ccccccceevveeennnnen. 147



FA Y Y (] o o = TP P TP PPPPPPOPRP 150
A4.1 Benefits of Advanced MEtEriNG .....ccovcuiiiiiiiiiiecceee et e e e 150
A5 Energy Efficient HOUSING EXAMPIE ...eoiieiiiiiiiieee ettt ere e e e aane e 152
APPENDIX B: CHAPTER 3 SUPPORT MATERIAL ....coiiiiiieiieneceeeeeeete st s 154
B1 Beacon Monitoring Data BackgrouNnd..........ccccuueiiiciiiiiiiiiieccciiee e ssivee e e s seeee s 154
B2 BRANZ Data Request for Raw Demand Data ......ccceccuveieeiiieiiiiiieee e ecieee e 156
B3 Seasonal Data AdjUSTMENT.........eei ittt e e e e ra e e e e aaae e e e eaaaeeean 157
B4 Energy Management INPULS ......uiuiiiiiiiiiiiiiiiiieietieeeererererereeereeerereeeereeererarereeeereraerrem 158
B4.1 Retail Costs and Tariffs.......ocuiiiiieiiieeieee et 158
B4.2 FINANCIAl INPUES ...ttt et e e et e e e sbee e e e abee e e s enbee e e enanes 158
B4.3 System Capital CoOSt SUMMATIY .....uiiiiiciiee ettt et e e e e e e e 159
B5 Demand Data Benchmarking- HEEP ...........cooouiiiiiiiiiiecceecetee ettt e 160
B5.1 Request for HEEP Monitoring Data V3 .......cceiiieeiiieeeceee ettt 160
B5.2 Benchmarking Comparison Graphs ........ccoeccveiiiiiiiiecciiis e e s e 162
APPENDIX C: CHAPTER 4 SUPPORT MATERIAL ...ceeiiiiiiiteteeee ettt 163
C1 Decision Model - INPUL SECTION .....ciiiiiie ettt et e e e e e ee e e e 163
C2 Community Demand EXamPIe ......cooouuiiieeiiiee ettt et e e 164
C3 Electrical Energy Balance and Meter [0g .......ooucuviiiiciieiiiiieee et 165
C3.1 Summary Outputs for Monthly Energy Balance .........cceecvveeiviiieeiiiiieee e 166
(@7 tolo] aYo o o | Tol Y o =1 Y 1SR 167
C4.1 Economic Analysis: Key Criteria Description........ccccceeeeececiiiieeee e eccciieeeee e 168
C5 Scenario Analysis Decision Model Calculator .........ccccviiiiiiiiiiciieec e 169
C5.1 Scenario Data Arrays - CONNECLIONS......coiviiiiiiiiii e 169
C5.2 Scenario Data Arrays — Economic Sensitivity.......ccccceeei, 171
C5.3 Scenario Data Arrays — Energy Management ........cccceeiiii, 171
C6 MOdEl ValidatioN......cocueiiiieiieiiieeeeeee ettt s st 173
C6.1 Comparison of Model Function COmMpPOoNENts.........cccuveeeeiiieeieiiiieeeccieeeeecireeeecineeea 173



C6.2 Summary of Input Data Settings for HOMER...........ccoeieiiiiiiieiiee e 176

APPENDIX D: CHAPTER 5 SUPPORT MATERIAL.....ccittiiienientieie ettt sttt 177
D1 Decision Model Output Graph LayOUL........ccoccuieiiiiiieiiiiieecccieee e e e e s seaee s 177
D2 SCENAIIO ANAIYSIS c.eviiieeeiiiee ettt e e et e e et e e e et e e e e ssabaeeeeasaeeeeanbaeeeennsaeeeeannreeenn 178

D2.1 Comparison of Loop vs Radial ConNection ........ccccueieeeiieiiicciiee et 178
D2.2 Comparison of Loop Connection OPLtioNS .......cccvceeieiiiieiiiiiien e e 179
D2.3 Connection Scenario Ranking by NPV .......cccviiiiiiiiiiciee et 181
D2.4 Economic Sensitivity SUPPOIrt Data........cuuviiiiiiiiiiiiiiiiiieirieieieiieeereeeeeeeereeeeeseseeeeeeeeen. 183
D2.5 Energy Management SUPPOIt Data........uuueuiiiiiiiiiiiiiiiieieiiireieeeeereeeeeeeeresereeeseeesesreen 186
271 o] [ Lo = =T o] o1V PSP 187



LIST OF FIGURES and TABLES

FIGURES

Figure 1: Outling of report SEFUCTUIE ......ooii ittt e e e e 19
Figure 2: Total consumer energy (PJ),to meet New Zealand’s total demand in 2007................ 22
Figure 3: Electricity consumption (GWh) by Sector, 2007 ........ccoocieeieiiiee e eeree e 23
Figure 4: Sector Electricity Price Comparison over 10 years (2007 values).......c.cccccveevvveerveennne 24
Figure 5: Sector Consumption Growth over 10 YEars......cccccveieircieeeiriiieeerieeeesiee e sree e 24
Figure 6: Electricity Generation GWh, by Fuel Type, 2007 ......cccovcviieiriiieeiniiieeeeriieeeeseee e 26
Figure 7: Electricity Generation by plant size, 2007 ........cooviiiiiiiiiiiie e 26
Figure 8: DG Capacity in MW, by system Size, 2006 .........cccccueeeeriiieeiiiiieeenieeeescieeeesveee s 27
Figure 9: Generation potential (GWh) for microgeneration systems..........ccceeeevvevcieeecreeescveeenne 28
Figure 10: Features of a Community ENergy SYStemM .......cocociiiiieiiiiie et 42
Figure 11: Standard Connection System for NeW ICP........ccccueeiiiiiiie e e 44
Figure 12: Totarabank Internal Loop Connection SYSteM ........cccccieieeeiiieeeeiieee e e 45
Figure 13: Energy Balance RelationShips .........cooiciieiiiiiiii et 46
Figure 14: Energy grade and end-use concept for a community grid.........ccccoceeeeiiireieciieeeeennen. 50

Figure 15: Load profile example of typical lower North Island family dwelling on an average

LYY =T e = PSRRI 53
FISUIE 16: ProCESS OVEIVIEW ..ciiiiiiiiiiiiiiiiiieeeeesiiiiteteeeesessirreeeeessssssabaraeeeesssssssssssnaeessssnsssssseeees 73
Figure 17: Overview of Stage 1 Key Element INPUt ProCess .......ccccuveeeecieeeeiiiieeecciiee e 74
Figure 18: Low Demand Load Profile OVEIrVIEW .........cccuueiieiiiiieiiiiiee ettt esieee e e 76
Figure 19: Medium and High Demand Load Profile OVerview ........ccccocvveeevciieeiiciee e 77
Figure 20: Climate AdjustmMENnt OVEIVIEW ........ciiiciiiieiiiieececiree e et esree e siae e e e saaae e e sarae e e s aees 78
Figure 21: Seasonal Adjustment OVEIVIEW ........cccuieiiiiiiiiieiiiiee ettt esree e s vee e arae e s 78
Figure 22: Demand Profile Comparison BY SEaSON..........eiiecuiiieeiiiiee ettt et 79
Figure 23: Comparison of Average Daily Demand, by S€ason.........ccccecvieeeeciieeecciiee e 80
Figure 24: ENd Use COMPATiSON ....cccuuiiiiiiee e e ettt e e e e e e ectttee e e e e e s e eeabaaeeeeeaeseesnnssaaeeeeeeeesnnsesseees 80
Figure 25: SUPPIY Profile OVEIVIEW ........uuiiieeeee ettt e e e e e aree e e e 81
Figure 26: Annual Supply Profiles for Wind and Solar.........ccceeeeioiiieecciiie e 82
Figure 27: Energy Management OVEIVIEW .........uuueeeeeerereiermreeereeeeeeeereeeeeererereeeeeerr. 83

Figure 28: Typical Daily Demand profile benchmarked against HEEP Lower North Island profiles

.................................................................................................................................................... 84
Figure 29: Average daily demand, by season - HEEP benchmark.........cccccoeeeieiiiceeicciee e, 85
Figure 30: Overview for Stage 2 Decision Model ProCess ........cccccueeeeeiiieeeeiieeeeeciiee e esieee e 87



Figure 31:
Figure 32:
Figure 33:
Figure 34:
Figure 35:
Figure 36:
Figure 37:
Figure 38:
Figure 39:
Figure 40:
Figure 41:
Figure 42:
Figure 43:
Figure 44
Figure 45:
Figure 46:
Figure 47:
Figure 48:
Figure 49:
Figure 50:
Figure 51:
Figure 52:
Figure 53:
Figure 54:
tariff .......
Figure 55:
Figure 56:
Figure 57:
Figure 58:
Figure 59:
Figure 60:
Figure 61:
Figure 62:
Figure 63:
Figure 64:

Community Demand Aggregation ........cccceeieciee et 88

Site SUPPIY ABEIreZatioN .....cccccuiiee ettt e e e e et e e e e br e e e s e baaeaeeaes 89
Electrical Energy BalanCe ProCESS ......ccuuiieeiiieeecciiee e ecieee ettt eevee e e tee e e vae e e 90
ECONOMIC ANAlYSIS PrOCESS....uviiiiiiiiieciiee ettt e s ree e s bee e e e 92
Decision Model Calculator OVEIVIEW ........ccueerieeriiieeniee et 93
Validation PrOCESS......eiiieiieiiieeiteetee ettt ettt e sbe e s ne e e s b e e ane s 97
Site Capacity User OULPULS «.ooeeeeiiiiieee ettt ettt e e e s eree e e e e 100
Energy Balance User OULPULS ......eeiiiiiiee ettt e e s svee e s s svee e s s 101
Energy Management Economics User QUEPULS ........eeevveivvviiiiieereeeeeeieieieieeeseeeesenennns 103
Annual Cost and System Performance User QULPULS ........ccceeeeecieeeeecieeeeeeiiee e 105
RE alternative price year 25, Radial vs. Loop connection .........cccceeeeecveeeeecveeecennen. 108
Radial connection annual electricity costs (per house), low demand..................... 109
Export value component of annual electricity COStS......cccoccvieiiiiciieiiciiee e, 110
Annual Cumulative Balance (EleCtriCity) ....cccceeeeieeeecieee et 111
Annual Electricity coSts By ROUSE........uviiiiiiiecccee e e 112
RE Alternative PriCe, YEAI 25. ... ittt ettt e e e eree e e e rae e e e 113
SItE NPV, YEAI 25 . ittt e e e s s s st re e e e e e e s s sbbaaaeeeeeeeas 113
Site NPV, year 25 - comparison of system configuration .........ccccceeeveeiviiiieencnnenn. 114
Average % RE contribution to load - comparison of system configuration............. 115
Average % supply utilisation - comparison of system configuration............ccc..c.... 115
NPV, year 25 vs. % capital cost adjustment..........ccceeecieeiicciee e 117
RE alternative price, year 25 vs. % capital cost adjustment .........ccccoecvevivccieeeennnnee. 118
NPV, year 25 vs. % forecast annual increase in import tariff .........cccovveveiiiinennns 119

RE alternative price adjustment, year 25 vs. % forecast annual increase in import

................................................................................................................................... 119
NPV, year 25 vs. % interest rate (cost of capital)........ccceecevrvieecciiiiecee e, 120
NPV, year 25 vs. export tariff rate C/KWHh.......ccooeeveieiieeceeeeeeeeee e 121
Annual electricity costs/house vs. export tariff c/kWh ........ccooevvviviiiiiiiiciieees 121
Impact of Gross feed-in tariffs on NPV at year 25 .......cccccoecieeieciiie e 122
System performance for energy management options......ccccccveeevvieeeeiiieeeeccnneenn, 123
Energy balance performance for energy management options........ccccceeeevveeeennnen. 124
HOMER energy balance comparison, for PV 5.1kW system.........ccccoeeveeevicrveeennnen. 126
HOMER energy balance comparison, for 6kW solar-wind system...........cccceeeuneee. 127
Annual site demand differentials KWh ........cooeoriiriiiiiieeeee e 128
Summer daily profile cumulative demand differentials .........cccceeveieeiiiiiieeiiinnen. 128



Figure 65:

Winter daily site demand differentials .......cccccovveeeiiiiiccciee e 129

Figure 66: Avoided import (annual) by installed system size and demand level ..................... 130
Figure 67: Annual site export, low demand.........ccceeeeiiiiiiiciiee e e 130
Figure 68: Energy Management implications for a grid-integrated system........ccccceevveeennnen. 134
Figure Al: Totarabank Solar Contouring and Lot LayouUt........cccccccveeiiviieeiicien e 144
Figure A2: Assessment Criteria - Renewable ENergy .....ccccovveviiecieiiiviee e 147
Figure A3: Seasonal Data Adjustment EXample. ... 157
Figure A4: Other Charge CoSt SUMMAIY ....cccveiiiiiiieeceiiee e eeitee et e e s sbee e s ebre e e saaae e s e sbaeeeenanees 158
Figure AS5: System COSt SUMMAIY ...uuuiiiiiiiiiiiiiiiiirteeeereerererererererererrerreere. 159
Figure A6: Seasonal Benchmarking against HEEP Lower North Island dataset ........................ 162
Figure A7: Input Interface EXamPle .......ooeiieiei it 163
Figure A8: Aggregating Community DEmMaNnd .........cccociiiiiiiiiie e 164
Figure A9: Energy Balance LOg eXamPIe ........ueiieciiieieciiee ettt e 165
Figure AL10: Meter 108 eXamPIe.......occ i uiiii et e e e et e e e enrae e e e aees 165
Figure A11: Energy Balance Outputs by Day and Month..........ccccceeviiiiiicen e, 166
Figure A12: Economic Output Example, for 10 years only ......ccccccceeevevieeiiciee e 167
Figure A13: Decision Model Calculator ProCess........cocuviiiiciiieeiiiie ettt 169
Figure A14: Connection ECONOMIC Criteria.....cccuvuiiiiieiiiiiiiiieee ettt e e e s 169
Figure A15: Connection SCENArio DAta array ...ccccuveeeeeiieiiiiiieeeeeeesiiiieeee e e s ssiiareeeeeesssssansseeees 170
Figure A16: Economic Sensitivity Scenario Data Array .....ccccceeeeeeeviiiiivieeeeenensiiiieeeeeesssssnnneeens 171
Figure A17: Energy Management Scenario Data Array ...ccccceeeeeeeviiiiiieeeeeeenniiinieeeeeesesssinnneenns 172
Figure A18: Example of output graph layout for user interface........ccocceeeeceeieccieeeecciee e, 177
Figure A19: Economic comparison for Radial vs. Loop connections ..........cccceeeeeciveeeecieeeeennee. 178
Figure A20: Cumulative Balance, annual kWh by system size, KW .......ccccceeeiciiiieiieeeeccciineeen, 179
Figure A21: Annual average electricity costs for house With RE............cccceecieiieciiee e, 179
Figure A22: Annual site load savings, KWh ..........ooeeiiiiiiiee e 180
Figure A23: Average % contribution to load by RE system.......ccccccevivvieiiniiien e 180
Figure A24: Average % supply utilisation of RE SUPPIY ...ccvereeieeiieiee e 180
Figure A25: NPV at year 25, by connection option........ccceccieiiiciiei e 181
Figure A26: Top 50% Connection Scenario NPV Ranking, with economic measures............... 182

Figure A27: Top 50% Connection scenario NPV ranking, with system performance measures183

Figure A28: Retailer comparison of economic and cost results .......cccccceeeeecieeieicieeeccciee e, 184
Figure A29: NPV breakeven for 10% forecast increase in import tariff..........cccoccveeiiineennnnnn. 184
Figure A30: RE alternative price adjustment vs. % interest rate for cost of capital................. 185



Figure A31: NPV vs. % forecast change in export tariff ..........cccooeeiiiiiiii e, 185

Figure A32: Gross Feed-in Tariff impact on annual electricity costs (house) .........cccccvveeennnen. 185
Figure A33: Summer and Winter profiles with peak shifting..........cccooveiiiiiiiiiciie e, 186
Figure A34: Economic outcomes for energy management .......ccccceevecvieeieccieeeeecieeeeseee e 186
TABLES

Table 1: Policy and Regulatory Summary relevant to Distributed Generation............cccveeeee.n. 29
Table 2: Distributed Generation Stakeholder SUMMArY.......ccoeciiiiiiiieice e 32
Table 3: Proposed HSS™ ENergy BENCAMArKS ...........ccovveiueveeeeeeieeeeeeeeeseesseseeeeessssessse s 38
Table 4: Summary of Key Sustainability INdicators........cccveeeiiiiecciiiieeee e 40
Table 5: High and Low Grade Energy SUPPlY OpLioNnsS.......cccuveieeciieeeeciieee e 47
Table 6: Criteria for Managing SUPPIY DIVEISITY ....cccccviieeeciieieeiiee e e 48
Table 7: Technologies for Managing and Reducing Energy Demand ...........cccceecvveeeeiiveeeecnnenn. 51
Table 8: Export System FUNCEIONAIILY......ccccuiiiieiiiei ettt e 54
Table 9: Internal Monitoring and Management System Features.........ccceecveeeeciveeeeciieeeccneeenn, 59
Table 10: Network Distribution Technical ISSUES..........cevviiiiiiieiiiiiieeeeeeeeee e 61
Table 11: Summary of NZ Community Energy Case StUdIies.........eeeecuieieeiiieeeeiiieee e 62
Table 12: International Case Study SUMMAIY........ceivciiieiiiiiieeciiee e e svae e e s saneee s 66
Table 13: System Performance Criteria .....ccviieciiee it e e saaee s 90
Table 14: Site CONNECLION SCENAIIOS. ....ccutiiiiereeriieiie ettt ettt sttt s s eneeneens 94
Table 15: Energy model comparison (High LEVEI).........cccvieiiieeciiiciiecee et 96
Table 16: Comparison of energy model validation results ........ccccceveecieeeeicciee e 126
Table 17: Sustainability Assessment EXamPpPle .......ccoocuiiiiiiiieeeiiiiee e 131
Table Al: Energy Sustainability criteria and measures, (Murray, 2005) .......cccccceeeeeecveeeeennnen. 146
Table A2: Residential Sustainability (Beacon Pathway) .........cccoecuieeecciiiiceciiee e, 147
Table A3: Beacon Sustainability Criteria........cccuuiieiii e e 148
Table A4: Statistics NZ Energy INdicators..........uveeeiii it e e e e 149
Table A5: SUMMArY Of MeEter TYPES.....uuii ettt e et e et e e e e are e e e eeareeeeeearaeeeeareas 150
Table A6: End Use Summary for Beacon Data........cccccuvieeeeiiieeeeiiiee ettt e e 155
Table A7: RAW Data REQUEST........uvieiciiee ettt e e et e e e s ba e e s e abe e e e s abaeeeennrees 156
Table A8: Model validation for supply SYStEMS ......ccccuiiiiiiiieiece e 173
Table A9: Model validation for 10ad Profile..........c.ceeeiiiiiiciieeccee e 174
Table A10: Model validation for energy balance........cccoevcviieiiiiiiii e 174
Table A11: Model validation for key output Criteria.......ccccccueeeeiiiieiieiiee e 175
Table A12: Summary of Key Data Settings for HOMER validation..........cccccoveiivciieeecciiee e, 176



LIST OF ABBREVIATIONS

BANANA

CHP

DM

EDF

EECA

HEEP

ICP

kWh

LRMC

MED

NIMBY

NREL

NPV

PCE

PV

RE

Build Absolutely Nothing Anywhere Near Anyone

Combined Heat and Power

Decision Model

Energy Data File

Energy Efficiency and Conservation Authority

Household Energy End-use Project

Individual Connection Point (to the electricity network)

Kilo watt hour

Long Run Marginal Cost

Ministry of Economic Development

Not In My Back Yard

National Renewable Energy Laboratory (US Department of Energy)

Net Present Value

Parliamentary Commissioner for the Environment

Photovoltaic

Renewable Energy
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