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Abstract

The deregulation of the electricity supply industry in New Zealand has led to an
increased level of interest in the security of electricity supply to rural communities. This in turn
has led to questions about sustainable alternatives to conventional methods of electricity
supply. A solution may be the adoption of sustainable community sized renewable energy (RE)
based distributed generation systems. However, choosing between the myriad of possibilities
requires much data and analysis.

An accurate analysis of electricity load and RE resource matching is normally
required. In most cases, this is an expensive and time-consuming assessment. In order to
minimise these costs, and yet give due consideration to stakeholder preferences and technical
uncertainty, a process incorporating the economic, social, environmental, and technical aspects
of sustainable design in a relatively short timeframe will be required.

This study developed such a method through the integrated use of the wind atlas
assessment and analysis program (WAsP), the micropower optimisation model (HOMER), and
three methods of decision analysis using Logical Decisions for Windows (LDW) software, which
formed the decision analysis framework, SPIRAL (Sustainable Power in Rural Areas and
Locations).

The efficacy of the integrated use of the software in the SPIRAL framework was tested
through two analyses using electricity load and RE resource data from a case study site. The
first was an analysis using a full-year of data in a multi-method decision analysis process thus
setting the framework in place. A further analysis then tested the minimum monitoring time

required to obtain and analyse the data for modelling meaningful results.

In both analyses, the results were ranked based on stakeholder preferences between
the economic, social, environmental, and technical aspects of sustainable energy systems. The
clear representation of the uncertainty of the electricity loads and the RE resources was
paramount in the results. The short-term analysis results differed in small ways from the full-
term, but were essentially similar.

This study developed a decision analysis framework that delivered transparent results
in a manner likely to instil insight and confidence in them, and this would provide the decision-
maker with much valuable information on which to base their decision.
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(SH) option in the full-term study.

Figure 9.18 The fractional proportion of the seasonal electricity load met by the solar PV — wind —

hydro (SWH) option in the full-term study.

Figure 9.19 The fractional proportion of the seasonal electricity load met by the wind (W) option in

the short-term study.

Figure 9.20 The fractional proportion of the seasonal electricity load met by the hydro (H) option

in the short -term study.

Figure 9.21 The fractional proportion of the seasonal electricity load met by the wind — hydro
(WH) option in the short -term study (note: the net export in the winter and spring).
Figure 9.22 The fractional proportion of the seasonal electricity load met by the solar PV (S)

option in the short -term study.

Figure 9.23 The fractional proportion of the seasonal electricity load met by the solar PV — wind

(SW) option in the short -term study.

Figure 9.24 The fractional proportion of the seasonal electricity load met by the solar PV - hydro

(SH) option in the short -term study.

Figure 9.25 The fractional proportion of the seasonal electricity load met by the solar PV — wind -

hydro (SWH) option in the short -term study.

Figure 10.1 The process used in this study to develop a multiple criteria decision analysis
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Figure 10.7 The SMARTER method of weight elicitation as used in the Logical Decisions for

Windows software.
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Figure 11.1 A complete view of the SPIRAL decision analysis framework developed by this study

indicating the software interactions, and feedback loops.
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Figure 11.2 A revised critical path and project evaluation and review technique (PERT) analysis
chart for the SPIRAL decision analysis framework for both the short-term and full-
term duration.

Figure 14.1 Initial wind atlas from Wind Site 1 used to identify potential wind sites for further
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Figure 14.2 WASsP inversion testing against the Site 5 data for all other sites at 0.5 softness.
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Figure 15.5 Full-term duration sensitivity graphs for the secondary goals using the individual farm
preference set and the SMARTS method.
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Figure 15.9 Short-term duration sensitivity graphs for the secondary goals using the distribution
network preference set and the SMARTER method.
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Figure 15.11 Short-term duration sensitivity graphs for the secondary goals using the individual
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Figure 16.6 The standard deviation of the diurnal — monthly shearing shed load profile.

Figure 16.7 The coefficient of variation of the shearing shed load profile over the duration of
monitoring.
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voltage transition.

Figure 16.15 The mean numbers of sheep crutched per session, and the mean and standard
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Figure 16.16 Limestone Downs shearing shed (background) and the solar and wind data logging
site (foreground).
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Figure 16.17 Limestone Downs ten-minute mean wind-speed windrose.
Figure 16.18 The mean hourly diurnal — monthly wind resource for Limestone Downs.

Figure 16.19 The standard deviation of the hourly diurnal — monthly wind resource for Limestone
Downs.

Figure 16.20 The coefficient of variation of the hourly diurnal — monthly wind resource for
Limestone Downs.

Figure 16.21 The mean hourly diurnal — monthly solar resource.
Figure 16.22 The standard deviation of the hourly diurnal — monthly solar resource.
Figure 16.23 The unfiltered coefficient of variation of the hourly diurnal — monthly solar resource.

Figure 16.24 The coefficient of variation of the hourly diurnal — monthly solar resource filtered to
exclude the very high variation above 2.0.

Figure 17.1 Totara Valley aerial photo indicating all resource and load sites locations of interest.

Figure 18.1 The mean monthly — diurnal domestic load profile over the duration of the monitoring
for the whole community.

Figure 18.2 The standard deviation of the mean monthly — diurnal domestic load profile over the
duration of the monitoring for the whole community.

Figure 18.3 The coefficient of variation of the monthly — diurnal domestic load profile over the
duration of the monitoring for the whole community.

Figure 18.4 The data solidity of the monthly — diurnal domestic load profile over the duration of
the monitoring for the whole community.

Figure 18.5 The mean monthly — diurnal water heating load profile over the duration of the
monitoring for the whole community.

Figure 18.6 The standard deviation of the mean monthly — diurnal water heating load profile over
the duration of the monitoring for the whole community.

Figure 18.7 The coefficient of variation of the monthly — diurnal water heating load profile over the
duration of the monitoring for the whole community.

Figure 18.8 The data solidity of the monthly — diurnal water heating load profile over the duration
of the monitoring for the whole community.

Figure 18.9 The mean monthly — diurnal shearing shed and freezer shed load profile over the
duration of the monitoring for the whole community.

Figure 18.10 The standard deviation of the mean monthly — diurnal shearing shed and freezer
shed load profile over the duration of the monitoring for the whole community.

Figure 18.11 The coefficient of variation of the monthly — diurnal shearing shed and freezer shed
load profile over the duration of the monitoring for the whole community.

Figure 18.12 The data solidity of the monthly — diurnal shearing shed and freezer shed load
profile over the duration of the monitoring for the whole community.

Figure 18.13 The mean monthly — diurnal domestic and water heating load profile over the
duration of the monitoring for Site 1.

Figure 18.14 The standard deviation of the mean monthly — diurnal domestic and water heating
load profile over the duration of the monitoring for Site 1.

Figure 18.15 The coefficient of variation of the monthly — diurnal domestic and water heating load
profile over the duration of the monitoring for Site 1.

Figure 18.16 The data solidity of the monthly — diurnal domestic and water heating load profile
over the duration of the monitoring for Site 1.

Figure 18.17 The mean monthly — diurnal domestic load profile over the duration of the
monitoring for Site 1.

Figure 18.18 The standard deviation of the mean monthly — diurnal domestic load profile over the
duration of the monitoring for Site 1.

Figure 18.19 The coefficient of variation of the monthly — diurnal domestic load profile over the
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Figure 18.20 The data solidity of the monthly — diurnal domestic load profile over the duration of
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Figure 18.21 The mean monthly — diurnal water heating load profile over the duration of the
monitoring for Site 1.

Figure 18.22 The standard deviation of the mean monthly — diurnal water heating load profile
over the duration of the monitoring for Site 1.

Figure 18.23 The coefficient of variation of the monthly — diurnal water heating load profile over
the duration of the monitoring for Site 1.

Figure 18.24 The data solidity of the monthly — diurnal water heating load profile over the duration
of the monitoring for Site 1.
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Figure 18.25 The mean monthly — diurnal domestic and water heating load profile over the
duration of the monitoring for Site 2.

Figure 18.26 The standard deviation of the mean monthly — diurnal domestic and water heating
load profile over the duration of the monitoring for Site 2.

Figure 18.27 The coefficient of variation of the monthly — diurnal domestic and water heating load
profile over the duration of the monitoring for Site 2.

Figure 18.28 The data solidity of the monthly — diurnal domestic and water heating load profile
over the duration of the monitoring for Site 2.

Figure 18.29 The mean monthly — diurnal domestic load profile over the duration of the
monitoring for Site 2.

Figure 18.30 The standard deviation of the mean monthly — diurnal domestic load profile over the
duration of the monitoring for Site 2.

Figure 18.31 The coefficient of variation of the monthly — diurnal domestic load profile over the
duration of the monitoring for Site 2.

Figure 18.32 The data solidity of the monthly — diurnal domestic load profile over the duration of
the monitoring for Site 2.

Figure 18.33 The mean monthly ~ diurnal water heating load profile over the duration of the
monitoring for Site 2.

Figure 18.34 The standard deviation of the mean monthly — diurnal water heating load profile
over the duration of the monitoring for Site 2.

Figure 18.35 The coefficient of variation of the monthly — diurnal water heating load profile over
the duration of the monitoring for Site 2.

Figure 18.36 The data solidity of the monthly — diurnal water heating load profile over the duration
of the monitoring for Site 2.

Figure 18.37 The mean monthly — diurnal domestic and water heating load profile over the
duration of the monitoring for Site 3.

Figure 18.38 The standard deviation of the mean monthly — diurnal domestic and water heating
load profile over the duration of the monitoring for Site 3.

Figure 18.39 The coefficient of variation of the monthly — diurnal domestic and water heating load
profile over the duration of the monitoring for Site 3.

Figure 18.40 The data solidity of the monthly — diurnal domestic and water heating load profile
over the duration of the monitoring for Site 3.

Figure 18.41 The mean monthly — diurnal domestic load profile over the duration of the
monitoring for Site 3.

Figure 18.42 The standard deviation of the mean monthly — diurnal domestic load profile over the
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over the duration of the monitoring for Site 3.

Figure 18.47 The coefficient of variation of the monthly — diurnal water heating load profile over
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of the monitoring for Site 3.
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the duration of the monitoring for Site 4.

Figure 18.50 The standard deviation of the mean monthly — diurnal domestic, water heating, and
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workshop load profile over the duration of the monitoring for Site 4.

Figure 18.52 The data solidity of the monthly — diurnal domestic, water heating, and workshop
load profile over the duration of the monitoring for Site 4.

Figure 18.53 The mean monthly - diurnal domestic load profile over the duration of the
monitoring for Site 4.

Figure 18.54 The standard deviation of the mean monthly — diurnal domestic load profile over the
duration of the monitoring for Site 4.

Figure 18.55 The coefficient of variation of the monthly — diurnal domestic load profile over the
duration of the monitoring for Site 4.
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Figure 18.56 The data solidity of the monthly — diurnal domestic load profile over the duration of
the monitoring for Site 4.

Figure 18.57 The mean monthly — diurnal water heating load profile over the duration of the
monitoring for Site 4.

Figure 18.58 The standard deviation of the mean monthly — diurnal water heating load profile
over the duration of the monitoring for Site 4.

Figure 18.59 The coefficient of variation of the monthly — diurnal water heating load profile over
the duration of the monitoring for Site 4.

Figure 18.60 The data solidity of the monthly — diurnal water heating load profile over the duration
of the monitoring for Site 4.

Figure 18.61 The mean monthly — diurnal workshop load profile over the duration of the
monitoring for Site 4.

Figure 18.62 The standard deviation of the mean monthly — diurnal workshop load profile over the
duration of the monitoring for Site 4.

Figure 18.63 The coefficient of variation of the monthly — diurnal workshop load profile over the
duration of the monitoring for Site 4.

Figure 18.64 The data solidity of the monthly — diurnal workshop load profile over the duration of
the monitoring for Site 4.

Figure 18.65 The mean monthly — diurnal domestic and water heating load profile over the
duration of the monitoring for Site 5.

Figure 18.66 The standard deviation of the mean monthly — diurnal domestic and water heating
load profile over the duration of the monitoring for Site 5.

Figure 18.67 The coefficient of variation of the monthly — diurnal domestic and water heating load
profile over the duration of the monitoring for Site 5.

Figure 18.68 The data solidity of the monthly — diurnal domestic and water heating load profile
over the duration of the monitoring for Site 5.

Figure 18.69 The mean monthly — diurnal domestic load profile over the duration of the
monitoring for Site 5.

Figure 18.70 The standard deviation of the mean monthly — diurnal domestic load profile over the
duration of the monitoring for Site 5.

Figure 18.71 The coefficient of variation of the monthly — diurnal domestic load profile over the
duration of the monitoring for Site 5.

Figure 18.72 The data solidity of the monthly — diurnal domestic load profile over the duration of
the monitoring for Site 5.

Figure 18.73 The mean monthly — diurnal water heating load profile over the duration of the
monitoring for Site 5.

Figure 18.74 The standard deviation of the mean monthly — diurnal water heating load profile
over the duration of the monitoring for Site 5.

Figure 18.75 The coefficient of variation of the monthly — diurnal water heating load profile over
the duration of the monitoring for Site 5.

Figure 18.76 The data solidity of the monthly — diurnal water heating load profile over the duration
of the monitoring for Site 5.

Figure 18.77 The mean monthly — diurnal domestic and water heating load profile over the
duration of the monitoring for Site 6.

Figure 18.78 The standard deviation of the mean monthly — diurnal domestic and water heating
load profile over the duration of the monitoring for Site 6.

Figure 18.79 The coefficient of variation of the monthly — diurnal domestic and water heating load
profile over the duration of the monitoring for Site 6.

Figure 18.80 The datasolidity of the monthly — diurnal domestic and water heating load profile
over the duration of the monitoring for Site 6.

Figure 18.81 The mean monthly — diurnal domestic load profile over the duration of the
monitoring for Site 6.

Figure 18.82 The standard deviation of the mean monthly — diurnal domestic load profile over the
duration of the monitoring for Site 6.

Figure 18.83 The coefficient of variation of the monthly — diurnal domestic load profile over the
duration of the monitoring for Site 6.

Figure 18.84 The data solidity of the monthly — diurnal domestic load profile over the duration of
the monitoring for Site 6.

Figure 18.85 The mean monthly — diurnal water heating load profile over the duration of the
monitoring for Site 6.

Figure 18.86 The standard deviation of the mean monthly — diurnal water heating load profile
over the duration of the monitoring for Site 6.
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Figure 18.87 The coefficient of variation of the monthly — diurnal water heating load profile over
the duration of the monitoring for Site 6.

Figure 18.88 The data solidity of the monthly ~ diurnal water heating load profile over the duration
of the monitoring for Site 6.

Figure 18.89 The mean monthly — diurnal shearing shed and freezer shed load profile over the
duration of the monitoring for Site 7.

Figure 18.90 The standard deviation of the mean monthly — diurnal shearing shed and freezer
shed load profile over the duration of the monitoring for Site 7.

Figure 18.91 The coefficient of variation of the monthly — diurnal shearing shed and freezer shed
load profile over the duration of the monitoring for Site 7.

Figure 18.92 The data solidity of the monthly ~ diurnal shearing shed and freezer shed load
profile over the duration of the monitoring for Site 7.

Figure 18.93 The mean monthly - diurnal shearing shed load profile over the duration of the
monitoring for Site 7.

Figure 18.94 The standard deviation of the mean monthly — diurnal shearing shed load profile
over the duration of the monitoring for Site 7.

Figure 18.95 The coefficient of variation of the monthly — diurnal shearing shed load profile over
the duration of the monitoring for Site 7.

Figure 18.96 The data solidity of the monthly ~ diurnal shearing shed load profile over the
duration of the monitoring for Site 7.

Figure 18.97 The mean monthly — diurnal freezer shed load profile over the duration of the
monitoring for Site 7.

Figure 18.98 The standard deviation of the mean monthly — diurnal freezer shed load profile over
the duration of the monitoring for Site 7.

Figure 18.99 The coefficient of variation of the monthly — diurnal freezer shed load profile over the
duration of the monitoring for Site 7.

Figure 18.100 The data solidity of the monthly — diurnal freezer shed load profile over the
duration of the monitoring for Site 7.

Figure 18.101 The mean monthly — diurnal shearing shed and freezer shed load profile over the
duration of the monitoring for Site 8.

Figure 18.102 The standard deviation of the mean monthly — diurnal shearing shed and freezer
shed load profile over the duration of the monitoring for Site 8.

Figure 18.103 The coefficient of variation of the monthly — diurnal shearing shed and freezer shed
load profile over the duration of the monitoring for Site 8.

Figure 18.104 The data solidity of the monthly — diurnal shearing shed and freezer shed load
profile over the duration of the monitoring for Site 8.

Figure 18.105 The mean monthly — diurnal shearing shed load profile over the duration of the
monitoring for Site 8.

Figure 18.106 The standard deviation of the mean monthly — diurnal shearing shed load profile
over the duration of the monitoring for Site 8.

Figure 18.107 The coefficient of variation of the monthly — diurnal shearing shed load profile over
the duration of the monitoring for Site 8. Be aware of the scale change to 0.50 kWh.

Figure 18.108 The data solidity of the monthly — diurnal shearing shed load profile over the
duration of the monitoring for Site 8.

Figure 18.109 The mean monthly — diurnal freezer shed load profile over the duration of the
monitoring for Site 8.

Figure 18.110 The standard deviation of the mean monthly — diurnal freezer shed load profile
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duration of the monitoring for Site 8.

Figure 18.113 Cumulative daily mean electricity loads for the domestic and water heating loads
for complete weeks only.

Figure 18.114 Cumulative daily standard deviation of the electricity loads for the domestic and
water heating loads for complete weeks only. The overall daily standard deviation
values are indicated on the right hand axis for each of the load sites.

Figure 18.115 Cumulative daily mean electricity loads for the farm loads for complete weeks only.
The daily mean values are indicated on the right hand axis for each of the load sites.

Figure 18.116 Cumulative daily standard deviation of the electricity loads for the farm loads for
complete weeks only. The overall daily standard deviation values are indicated on
the right hand axis for each of the load sites.

Figure 18.117 Cumulative standard deviation for the hourly domestic and water heating electricity
loads for the Totara Valley community.
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Figure 18.118 Cumulative standard deviation for the hourly shearing sheds, freezer sheds and

workshop electricity loads for the Totara Valley community.

Figure 19.1 Wind Site 1 mean diurnal — monthly temperature profile.

Figure 19.2 Wind Site 1 standard deviation of the diurnal — monthly temperature profile.

Figure 19.3 Wind Site 1 coefficient of variation of the diurnal — monthly temperature profile.
Figure 19.4 The Weibull 'k’ and ‘'C' statistical measures for the Wind Site 1 over the duration of

monitoring.

Figure 19.5 The plotted Weibull probability density distribution over the duration of monitoring for

Wind Site 1.

Figure 19.6 The Weibull 'k’ and ‘C' statistical measures for the Wind Site 4 over the duration of

monitoring.

Figure 19.7 The plotted Weibull probability density distribution over the duration of monitoring for

Wind Site 4.

Figure 19.8 The Weibull 'k’ and ‘C' statistical measures for the Wind Site 5 over the duration of

monitoring.

Figure 19.9 The plotted Weibull probability density distribution over the duration of monitoring for

Wind Site 5.

Figure 19.10 The monthly and cumulative mean diurnal pattern strength factor for Wind Sites 1 to

5 over the duration of the monitoring.

Figure 19.11 The hour of peak wind-speed for Wind Sites 1 to 5 over the duration of the

monitoring.
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