





Table 4. Two scenarios on available solar roof area utilisations

hips and valleys). The

) . percentage value of 58 per
Scenario 1 Scenario 2 .
cent obtained for
Total available solar efficient roof area (m2} 6143 | Total available solar efficient roof area (mz) 6143 P h otovo l t ai c mo d ul es 1 n
Total area (m?) of solar water heater utilized @4 . . .
Total area (m?) of solar water heater required @ 4 m* household | 984 | m? (2no 1 m X 2 m solar panels) per household | 634 combination with solar water
5159 | Area utilized for photovoltaic considering 58% | 3195 heater provisions was then
Remaining area for photovoltaic (m?) use (m°) applied to achieve overall
Energy equivalent water heater (GJlyear) 1948 | Energy equivalent water heater (GJ/year) 1255 results for the complete Glen
Energy equivalent photovoitaic (GJiyear) 3766_| Energy equivalent photovoltaic {GJlyear) 2332 Innes site. Th_e correspondmg
. ) ) ) energy equivalent in
Total onsite solar energy generation (GJlyear) 5714 | Total onsite solar energy generation {GJlyear) 3588
GJ/annum or percentage of
Total onsite CO, emission savings {t /year) 1029 | Total onsite CO; emission Savings (Vyear) 646 the total existing demands
% of existing demands except space K )
% of existing demands except space conditioning category 73%_| conditioning category 46% that could be provi ded in
Unused solar efficient roof area ( m?) 0 | Unused solar efficient roof area ( m?) 2314 water heating and other
% of _unused solar efficient roof area( m?) 0 % of unused solar effigient roof area( m?) 38 cate gOI‘l €s . (C X ept space
Energy equivalent unused solar efficient roof 1689 conditionin g ) was then
Energy equivalent unused solar efficient roof area 0 area calculated.

Considering current available solar efficient roof areas,
this article examines solar efficient roof utilization under
two scenarios: full or 100 per cent utilization irrespective
of roof configurations (scenario one) and partial
utilization considering roof configurations (scenario two).

Under scenario one, all the solar efficient roof areas
available are assumed to be utilized fully for solar hot
water panels at the rate of 4 m?2/household, and the
remaining area is allocated to photovoltaic modules. The
corresponding energy equivalents in Gl/year and
percentage of the total existing demands that could be
provided in water heating and other categories (except
space conditioning) are calculated. The results indicate
that 5714 Gl/year and 73 per cent of the total existing
demands (except space conditioning) could be provided
by the currently available solar efficient roof area.

In scenario two, two solar water heating panels, 1 m by 2
m, equivalent to 4 m*household, are fitted on the solar
efficient residential rooftops of the dwellings in Glen
Innes using ArcGIS. Only 158 out of 171 dwellings could
accommodate two solar water heater panels on their solar
efficient roofs; one could accommodate one panel; and
12 buildings do not have appropriate solar orientations.

Similarly, photovoltaic modules of 0.6 m X 1.2 m were
fitted on the area of solar efficient roofs remaining after
placing solar hot water panels. This process was time-
consuming and so was carried out for only 60 dwellings
on the Glen Innes site. The realistic available areas of
photovoltaic modules were compared with total available
solar efficient roof areas for those 60 dwellings. The
calculations show that these buildings realistically could
use only 58 per cent of the total available solar efficient
roof areas, and 42 per cent of the solar efficient roof areas

would be lost due to inappropriate roof designs (mostly.

The results indicate that 3588 GJ/year and 46 per cent of
the total existing demands except space conditioning
could be provided by solar energy collected from the
existing rooftops. The results for scenarios one and two
and corresponding CO, values of domestic energy savings
were calculated and are presented in Table 4.

In New Zealand, the residential sector accounts for 10 per
cent of the CO, emissions; directly for 1.6 per cent and
indirectly for at least 8 per cent from thermal electricity
generation (Issacs et al. 2003: i). The Ministry for
Economic Development releases data on national
electricity generation every quarter. Figure 4 highlights
the rising dependence of New Zealanders on
unsustainable sourcing of thermal electricity from fossil
fuels (natural gas and coal).

Camilleri and Jaques (2001) have assumed that new
macro-scale hydroelectricity projects are overburdened
with public opposition and all new large-scale electrical
capacity in New Zealand will therefore come from
thermal sources at a greenhouse gas cost of 0.64 kg of
equivalent CO, emissions/kWh of electricity (Camilleri
and Jaques 2001: 25; Camilleri 2000: 60). The recent
cancellation of Project Aqua (a large hydro-electricity
scheme in the South Island) supports the idea that this
assumption of no new macro-scale hydroelectricity
generation is currently valid and that all new generation
or any new reduction in usage will either increase or
reduce the amount of thermal electricity demand in New
Zealand, thus this figure of 0.64 kg of CO, /kWh (0.18
t/GJ) will be used in the CO, calculations here. Future
changes in the mix of generating technologies for the
national grid could change these CO, values, but the
current trend is for thermal generation to increase (see
Figure 4).
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additional solar efficient roof area
that could be generated was
* calculated. The outcomes suggest
that for the maximum use (scenario
one) of available solar efficient
roof area, the residential rooftop
potential could increase from 73
per cent to 82.5 per cent in terms of
percentage contributions of total
domestic demands (except space
conditioning). For a more realistic
situation (scenario two) this use
could be enhanced from 46 per cent
to 69 per cent with minimal

——’._-—--—’

Year ending September 30

5,000 = =
1993 1995 1997 1999 2001 2003 2005

Source: Gabe (2006); Ministry of Economic Development (2006b).

changes in existing roof
configurations for the selected case
study site. Solar energy generation

Figure 4. New Zealand electricity sourcing 1993-2005

4.3 Additional solar efficient roof generation

In Glen Innes, hip roof patterns currently predominate on
single detached houses. Gable roofs provide more
rectangular roof area in one plane compared with hip
roofs, and could provide an increase in useful solar
efficient roof area. (A gable roof is formed of two
rectangular sloping planes that meet at the ridge. The roof
is enclosed at either end by triangular vertical walls
which are the gables. Each plane of the roof is a
rectangle. A gable roof therefore has vertical ends, but a
hip roof has sloping ends as well as sloping planes on
both sides of the roof.)

Considering only minimal changes to roof configuration,
such as using a gable end roof rather than a hip roof, the

Table 5. Additional solar efficient roof generation assuming gable roofs

from minimal changes in roof

configurations will save 1164

tonnes of CO, from Glen Innes per
year in scenario one and 901 t of CO, from Glen Innes per
year in scenario two.

5 Conclusions

At local scale, roof forms and orientations of buildings
have a considerable impact on potential solar energy
generation. This study establishes that correctly designed
(i.e. rectangular) roof forms are able to enhance solar
energy generation from roofs, allowing appropriate solar
hot water and photovoltaic panel installations with
minimal change. It is recommended that provision for the
future installation of solar panels should be included at the
conceptual stage of roof designs in any new individual
buildings or large scale developments in Glen Innes.
Energy retrofitting of traditional New
Zealand suburbs would require changes in
the roof forms such as from hip roofs to

Total additional available solar efficient roof area (m2) | 1034 § N
gable end roofs as rectangular roof planes
Scenario 1 could conveniently accommodate larger
Assuming these additional solar efficient areas for photovoltaics & 100% use, energy _ I
output of photovoltaics (GJiyear) areas of photovoltaic arrays. Building such
Total onsite solar energy generation (GJ/year) (scenario 1+ additional) 8469 solar roo fs can make a si gni ficant
) o ] ] y contribution to generating energy on site,
Total onsite CQ. emission savings (tlyear) {(scenario 1+ additional) 1164 . A s
with the potential to provide up to 80 per
% of existing demands except space conditioning category 82.5% cent of household electricity demand in the
Scenario 2 case study site, and can also reduce
Total additional area (m?) utilized that was lost in scenario 2 first version 2314 production of C02 emissions. The C02
Grand total of the above two areas (scenario 2+ additional) 3348 reduction of about 900 tonnes for the case
?éjlumims; this area is for photovoltaics & 58% use, energy output from photovoltaics 1418 Study area represents 14 t/person_ If this
year . .
strategy was adopted for all residential
| ons i i i 5005 : : fonifi
Total onsite solar energy generation (GJlyear) (scenario 2+ additional) areas it would deliver a Slgl’llflC ant
Total onsite CO, ernission savings_(t/year) {scenario 2+ additional) 901 reduction of 17 per cent of New Zealand’s
% of existing demands except space conditioning category 69% total C02 emissions.
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v will be needed to undertake local scale planning
Hlementation through formulation of mandatory
rool design guides applicable for different urban forms
considering roofs as potential sites for the generation of
onsite renewable energy. Different urban forms have
varying on site potential to be sustainable (Ghosh and
Vale 2006; Ghosh et al. 2006). For example, most of the
attached terraced houses could be designed with
orientations towards north in high density developments;
while detached houses in low density traditional
neighbourhoods would require consideration of each
house’s orientation. Incentives could be provided by
central or local government to promote use of solar hot
water and photovoltaic modules on roofs. The social
barriers and economic calculations for the uptake of solar
technologies have not been included in this study. Future
research should undertake studies of these dimensions to
present an integrated research focus on renewable solar
energy generation from residential roofs as part of the
move to design more self-sufficient neighborhoods.
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