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Abstract: Communal living for older people exists in many different forms, such as suburban com-
munities, lifestyle communities, retirement villages and residential aged care communities (RAC)
where electricity is supplied via a main gate meter to the whole community. Australia’s Small-scale
Renewable Energy Scheme incentivizes individuals and businesses to install renewable energy sys-
tems up to 100 kW peak. A system of this size, however, may not meet a community’s energy needs
or sustainability goals. In contrast, other residential dwellings are allowed to install a minimum
solar inverter of 5 kW. Therefore, this paper investigates small-scale renewable energy targets on a
per bed basis for RACs and the impact of a change from the current 100 kWpeak small-scale renew-
able energy policy. A data driven clustering-based method has been implemented to identify finan-
cially optimal photovoltaic (PV) system ratings for ten RACs across four climate zones. Explored
are 100 kWpeak PV and net zero electricity scenarios. Results show RACs with 5 kW PV per bed
can move closer to a net zero electricity goal and generate 800 to 1400 GWh of renewable electricity
each year with significant financial savings. A fairer renewable policy, based on kilowatts per bed,
is advocated to improve communities” energy resilience, financial sustainability, and environmental
sustainability.

Keywords: clustering; demand management; energy policy; energy investment; machine learning;
nursing homes; residential aged care; solar photovoltaic system; transition strategy

1. Introduction

Energy is important in maintaining thermal comfort and healthy environment, espe-
cially in senior living communities and in healthcare contexts [1,2]. In terms of aged care,
residential aged care communities (RACs) provide communal living for seniors, some of
whom live independently whilst others are frail and having a variety of care needs [3,4].
In different regions, RACs may be known as nursing homes or care homes [5,6]. They are
simultaneously a residence and a healthcare facility.

Healthcare facilities are often energy intensive due to 24/7 operation and their needs
to ensure quality service delivery [7,8]. In aged care communities, there are often air con-
ditioned public and private spaces, catering services, laundry services, a dining hall, ac-
tivity areas, and library facilities, as well as spaces for offices, nurses or for allied health
provisions. Residents in aged care or senior living communities are typically 75 or above
[9,10].

Furthermore, budget constraints may be an issue for many sectors, including the
aged care sector [11]. At the same time, healthcare and aged care communities often have
high energy needs during daytime hours [12,13], which may well coincide with the
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daytime solar profile. Therefore, it makes sense to have renewable energy from solar pho-
tovoltaic systems (PV) to offset those sites” electricity needs.

Then, the question that comes into mind is how to determine suitable PV system rat-
ings for each community’s needs, given that they have different motivations and con-
straints. In terms of sustainability related motivations, net zero is a common type of goal,
such as net zero electricity (or known as 100% renewable electricity [14]), net zero energy
[15], and net zero emissions [16].

When a goal is established, onsite renewable selection can become more purposeful.
For example, in the case of net zero electricity, onsite renewables can be sized up to meet
energy demand on a yearly basis [17]. For renewable enablement in the real world, cash-
flow (including capital expenditure-CAPEX and operational expenditure-OPEX) and rate
of return can be important key performance indicators (KPI) in feasibility or pre-feasibility
studies [18]. Such analysis requires detailed data on both energy use and energy genera-
tion.

When datasets are in fine resolution for a year or more, data processing can become
time consuming as computation becomes demanding [19]. A time efficient and highly ac-
curate method to determine on-site renewable system sizing is to calculate renewable sys-
tems’ KPIs after identifying typical energy use profiles, such as typical days for a year [20].
Typical energy use profiles can be identified by clustering algorithms, a type of unsuper-
vised machine learning [21]. In this way, computation is done on a few representative
days rather than iteratively calculating KPIs for all renewable sizing on yearly energy and
climate datasets, which is very time consuming.

Solar PV is the most common form of distributed renewable generation in Australia
and its governing legislation is Australian Renewable Energy (Electricity) Regulations 2001.
The regulation has specified that small scale renewable energy systems are no more than
100 kW [22]. Those small-scale systems are financially incentivized by the Small Scale Re-
newable Energy Scheme (SSRES) [23]. Research has shown that the SSRES has promoted
solar uptake for Australian households [24,25].

Renewable energy should be accessible to those who are vulnerable and in need [26].
Aged care communities are homes to our senior residents with services available to sup-
port their living. Those aged care communities vary in size, such as bed numbers and
occupant numbers [7]. The 100 kW PV systems (the cap of the SSRES) may be grossly
insufficient for meeting their energy needs, such as for sustainability goals or for the pur-
pose of energy bill management.

Solar PV systems of those aged care communities are unlikely to be as large as a solar
power station. Large scale solar energy systems (>100 kWp) have more complicated rules,
pricing mechanisms and require more resources to build and operate [27]. On the other
hand, residential dwellings (single households) have a default minimum of 5 kW applied
to a solar inverter size for single phase electricity connections [28]. This paper poses a
scenario where aged care facilities are considered a “collection of households” and hence
able to size PV systems based on the number of ‘households’ in the facility (indicated by
the number of beds provided by the facility).

A research and energy policy gap exists in how to enable fairer renewable energy to
senior residents in residential aged care communities. Therefore, with the energy needs,
constraints and the policy gap in mind, this paper’s contribution to knowledge and society
includes:

e using a data driven approach to test and propose changes to the existing regulation
for a fairer renewable energy policy for aged care residents;

e quantifying financially optimal PV sizing and the gaps between existing policy al-
lowance and the optimal sizing; and

e  proposing a change to the SSRES application to RACs, creating co-benefits beyond
energy bill savings, as demonstrated in other research that renewables can enable
environmental benefits and renewable energy equity for our society [29,30].
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The following section presents the data driven method in investigating PV invest-
ment scenarios and associated sustainability and financial impacts. Then, case study re-
sults are followed by the policy implication section expanding into national impact stud-
ies, potential for relieving pressure on public resources, and improving renewable energy
equity for senior residents. The paper concludes by highlighting the key study findings.

2. Methodology

As presented in Figure 1, the methodology starts with data acquisition and energy
baseline study for community case studies. Then, a set of scenario analysis is conducted
to investigate the impact of various PV system sizing in terms of local renewable genera-
tion meeting electricity demands. Recommendations and national impact studies follow
the scenario analysis.

Scenario analysis

*100kWpeak scenario

*Net zero electricty
scenario

eBest return on
investment scenario

*PV ratings per bed
scenarios

Recommendations

and impacts

Figure 1. Research flow chart.

2.1. Data Acquisition

Real site electricity demand data from ten residential aged care communities are used
in the case study. They are from an Australia-wide not-for-profit aged care provider.
Those ten cases represent the geographic and climate coverage of the aged care provider’s
RAC:s at the time when this research was conducted. Two of the cases are from tropical
areas in the northern Queensland region. Six of the case communities are from the sub-
tropical capital city region—Brisbane—the Queensland’s largest population centre.. An-
other two communities are from temperate climates: one from Toowoomba (an inland
city), and one from Sydney (Australia’s largest city).

This research uses 30 min interval electricity demand data which are recorded by
high precision utility revenue grade meters complying with Australian Standards 62052
and 62053. The climate data are obtained from Australian Bureau of Meteorology’s nearest
station to each case study site [31].

To visually provide a geographical sense of the case study, an Australian climate
zone map is provided in Figure 2 with case communities numbered. The case study com-
munities are distributed across Australian eastern seaboard with a distance of 2591 km
from Community 1 in Cairns to Community 10 in Sydney. The characteristics of the ten
residential aged care communities in four Australian climate zones are presented in Table
1. Most of the communities consist of single storey brick veneer buildings with additional
areas for carparks. The Sydney community has two-storey concrete buildings. All case
communities’ occupancy rates are quite high, nearly 100% all the time. Energy baseline,
including electricity use per bed, is presented in Section 3.1.
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Figure 2. Case communities across Australian climate zones (adopted from [32]).

Table 1. Characteristics of case study residential aged care communities.

Community No. RAC Location Bed Number Climate
1 Cairns 132 Tropical with high humidity summer and
. warm winter
2 Townsville 102 (Climate Zone 1 [32])
3 Murrumba Downs 94
: Pinjarra Hills 116 Subtropical with warm humid summer and
5 Sunnybank Hills 140 . .
6 Parkinson 100 mild winter
(Climate Zone 2)
7 Logan 60
8 Ipswich 94
9 Toowoomba 80 Warm temperate (Climate Zone 5)
10 Sydney 120 Mild temperate (Climate Zone 6)

2.2. Scenario 1: 100 kWp

In this scenario, the maximum solar rooftop PV system rating of 100 kWp is applied
to all community cases. Calculation is conducted to quantify yearly electricity outputs
from those 100 kWp systems and percentage of each community’s electricity needs met
by the local renewable energy generation, in an annual basis.

2.3. Scenario 2: Net Zero Electricity

‘Net zero electricity” can be applied to energy or emissions, for example, Net Zero
Electricity, Net Zero Energy or Net Zero Emission [15]. This scenario uses the goal of Net
Zero Electricity, where a PV system rating per bed is determined based on yearly electric-
ity use and PV system generation capacity as shown in the following Equation (1).
Ey/365/bed number )

l;(;1RVVp

PVyzg is the photovoltaic system rating under the net zero electricity scenario. E,, is
the yearly electricity use in kilowatt hour per year (kWh/year). EGyyy,, is the mean unit
daily generation which is the average kilowatt hour electricity generated by 1 kWp PV
system per day (kWh/kWp/day).

PVnzg =
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2.4. Scenario 3: Best Return on Investment Scenario

In this scenario, publicly available demand tariff (DT) structure and pricing are used
(Table 2). Energy Charge (EC, a dollar value per unit of electrical energy use, such as AUD
per kWh) is a popular form of electricity tariff around the world, however, it does not
truly reflect the cost of electricity delivery, such as network infrastructure costs to deliver
energy at peak times. EC is a DT component for using energy from the grid. Demand
Charge (DeCh) is a DT component to reflect the cost of building and maintaining poles,
wires and transformers for delivering electricity. In addition, Feed-in Tariff (FiT) is the
reward customers can earn when exporting energy to the grid. Daily fixed charge is not
considered since that will not be influenced by PV systems.

Table 2. Demand tariff structure and pricing.

Description

Pricing Notes

Energy charge (EC) 1,2

AUD 0.161/kWh Use of grid energy ina month; to reflect energy genera-
tion/market/retailing costs

Demand charge (DeCh) 1, 2

AUD 23.708/peak  Based on the highest peak demand kW in a month; to reflect
kW/month network infrastructure costs

Feed-in tariff (FiT) 2, 3

AUD 0.060/kWh  Based on accumulated energy exported to the grid in a month

Identify typical days for

each community using
clustering

Notes: The tariff details are from a government determination document [33]. The prices are in Aus-
tralian currency without goods and service tax. The feed-in tariff is from a government monitoring
report [34].

Computation may be challenging when dealing with multiple yearly fine interval
datasets, such as energy demand data and climate data. A multi-dimension clustering al-
gorithm is implemented to identify typical days for each community case [20]. Then, those
typical days are used in simulation to identify the optimal PV rating for each community,
as shown in Figure 3.

Compute cash flow and
rate of return for various
PV system ratings for
each community

Identify the largest PV
systems with breakeven

or positive cashflow by
the 5th year

Figure 3. Flowchart to identify the best return on investment PV system rating.

Depending on the analysis purpose, there may be different inputs to the clustering
algorithm. For this research, inputs to the clustering algorithm are maximum daily tem-
perature, daily PV outputs and daytime energy charge (Table 3).

Table 3. Clustering inputs.

Dimension Purpose Inputs for Clustering
1 To reflect seasonal variation Maximum daily temperature
2 To reflect PV generation Daily outputs per unit PV rating
3 To estimate PV’s financial impact Energy charge during daytime hours

The clustering algorithm implemented in this research is Gaussian mixture model
clustering (GMM), a type of non-supervisory machine learning algorithms [35]. With an
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iterative expectation maximisation algorithm (EM), the GMM has two steps: expectation
(E step) and maximization (M step) [36,37].

In Equation (2) E step, GMMs’ posterior probabilities yj, are computed with model
weights wy,, probability density function ¢, taking in considerations of observations x,
mean y, and covariance Zj. k is the k-th component.

Wk Pre x|k Zk)
ik = T ol s @
where wy € (0,1),YK_ w, =1,

Equations (3)—(5) are for the M step; new weights, mean and covariance are obtained
with the previous E step’s posterior probabilities. N is the number of samples. 7 is the n-
th sample.

. 3
Wy, N ( )
1
Ur = ¢_kZ]N:1 VikXn 4)
X = iZfil Vi n = i) Cen — )" 5)

E-step and M-step are iterated until reaching a convergence with no updates to
GMM'’s parameters. Equations (6)—(8) present the results of clusters and each cluster has
a d number of dimensions (in the case study results, d = 3 shown in Table 3). Then, in the
following step, py (clusters’ centres) are used to identify typical days.

P(x) = Vo 0rcbre (x|t Z) (6)
B el Ti) = (217 [l 7 exp [~ 2 G — i) "E (x — o) %)
Sy =1 ®)

Equation (9) expresses the ideal on how to identify typical days that can be used to
represent yearly data. p;, is Cluster k ‘s characteristic scenario. x; are observations.
Each cluster’s percentage is represented with 4,. The typical scenarios C, are for this
clustering run when there is a minimum distance between x; and cluster mean yy. j isa
positive integer index from 1 to the size of cluster k. k is also a positive integer with a
value between 1 to K (number of GMM clusters).

Ck = x]',

Ak=wk

)

Where conditions are:
min(|xj—uk|),Vj € N,k € N(1,K)

Once C, and 4, become available, they can be used to compute energy investments’
financial KPIs in a very time efficient and accurate manner instead of computing KPIs on
years of multidimensional datasets. The cashflow of various PV system investments be-
comes available once PV systems’ costs, energy savings, demand reduction and typical
days’ energy costs are combined. Then, internal rates of return (IRR) can be calculated
with the cashflow information. IRR can be used as an indicator for project’s profitability
or financial risk evaluation [38] and it is a rate that would return net present value (NPV)

to zero as shown in Equation (10).

Y Ce  _ _
Co+ X1 HIRR)E NPV =0 (10)
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where, C, is the investment value in the initial year; C; is the cashflow for year ¢ and Y'is
the number of years in cashflows.

The best PV system rating is the largest PV system which turns zero or positive cash-
flow by Year 5 since the initial investment. Year 5 is selected because it is often an industry
expectation to have return on investment within no more than 5 years of time. The calcu-
lation has used solar system costing parameters from Table Al in Appendix A.

2.5. Scenario 4 and 5: PV Ratings per Bed Scenario

There are two PV system ratings considered here: 3 kWp per bed and 5 kWp per bed.
The 3 kWp and 5 kWp ratings are developed based on Australian rooftop solar PV sys-
tems installation status, historical data and industry guidelines:

e December 2020, average small scale PV system rating reached 9 kWp [39]. If we as-
sume a typical three-bedroom dwelling, we could further assume 3 kWp per bed.
Alternatively, if we divide the total kWp by the average occupancy per household
(2.5 persons), the system size would be 3.6 kW/pp

e  Australian national guidelines specify a default 5 kVA allowance for embedded gen-
eration at each customer connected to a normal power network (single phase connec-
tion) [28].

e In 2019, typical residential PV system rating was 6.6 kWp [40], equating to 2.64
kW/pp.

3. Case Study Results

Energy baseline results are presented in the following section, followed by 100 kWp
scenario, NZE scenario, best return on investment scenario and PV rating per bed scenar-
ios for the ten Australian aged care communities across four climate zones.

3.1. Energy Baseline

Table 4 summarises the energy baseline for the case study communities. For the two
tropical communities, electricity use intensity (EUI) is 26.51 kWh/bed/day and 27.20
kWh/bed/day. For the six subtropical communities, EUI ranges from 15.63 kWh/bed/day
for Community 5 with the largest number of beds, to 33.37 kWh/bed/day for Community
7 with the fewest bed. Community 7 and 8 have the highest EUI among the subtropical
communities. The temperate climate zone communities tend to have lower electricity use
on a per bed per day basis.

Table 4. Community energy baseline data (2019).

Community No.
Community

Climate zones

Bed numbers

Mean electricity use
kWh/bed/day

1 2 3 4 5 6 7 8 9 10
CNS TSV MRD PJH SBH PKS LOG IPS TWB  SYD

Tropical Subtropical Temperate

(Zone: 1) (Zone: 2) (Zone: 5 and 6)
132 102 94 116 142 92 60 94 80 120

2651 2720 19.69 2475 1563 2198 3337 3149 1716 13.40

These aged care communities regularly have high electricity demand during daytime
as shown in Figure 4. A year of half hourly demand data are plotted for Community 1 and
Community 3 (containing 17,520 time steps). There are 48 boxplots inside each graph, rep-
resenting 48 of half hourly intervals. Red crosses above or below each boxplot are outliers.
The top tip of each boxplot is maximum demand for each time interval; the bottom tip of
each boxplot is the minimum demand for each time interval. The short red dash inside
each box is the median demand value for each time interval. The top edge of each box is
the 75th percentile value and the bottom edge of each box is the 25th percentile value.
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Figure 4. Annual demand profile expressed in boxplots from Community 1 (a) and Community 3

(b).

3.2. Scenario 1: 100 kWp Rating for All Communities

In this scenario a 100 kWp PV system is applied to all communities through simula-
tion. The PV system output values are obtained from a National Renewable Energy Lab
program (NREL, [41]). On a yearly basis as shown in Table 5, only 12% to 23% of the
tropical and subtropical communities” electricity use can be met by the 100 kWp PV sys-
tem. The percentage figures seem to be slightly better for communities in temperate cli-
mate zones.

Table 5. Percentages of 100 kWp PV system generation meeting demands.

Community No. 1 2 3 4 5 6 7 8 9 10
Community CNS TSV MRD PJH SBH PKS LOG IPS TWB  SYD
PV system output
KWh/kWp/day [41] 425 4.36 4.17 4.17 4.17 4.17 4.17 4.29 4.46 3.85
Maximum PV size due to regula-
. 100
tion (kWp)
Equivalent to PV kWp/bed 0.76 0.98 1.06 0.86 0.70 1.09 1.67 1.06 1.25 0.83
#PVoutputs meeting electricity o 160 030, 15%  19%  21%  21%  14%  32%  24%

needs

3.3. Scenario 2: Net Zero Electricity Goals

When a net zero electricity goal is adopted (Table 6), tropical communities would
need 6.23 kWp/bed PV system to offset onsite electricity use. This 6.23 kWp/bed rating is
obtained by the bottom row of Table 4 divided by the average generation of a 1 kWp PV
at Cairns or Townsville (as described in Equation (1)). For subtropical climates (Commu-
nity 3 to Community 8), an average of 5.8 kWp/bed is needed to meet communities’” elec-
tricity demand. However, smaller size communities may need higher ratings on a per bed
basis, such as 8 kWp/bed for Community 7 with 60 beds.

Table 6. PV System Sizing for Meeting Net Zero Electricity Goal.

Community No.
Community

% PV outputs meeting elec-

tricity needs
NZE required
kWp/bed

1 2 3 4 5 6 7 8 9 10
CNS TSV. MRD PJH SBH PKS LOG IPS TWB  SYD
100%

6.23 6.23 4.72 5.93 3.75 5.27 8.00 7.34 3.85 3.48
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3.4. Scenario 3: Best Return on Investment Scenario

This scenario identifies the largest possible PV system rating for each community
based on break even or positive cashflow by the 5th year since the PV investment.

The process starts with a clustering algorithm to identify typical days for each com-
munity. Then, various PV system outputs, costing and savings are superimposed on those
identified typical days for each community. Formulation of the process is presented in
previous methodology section.

To save space and to illustrate the process, three communities’ clustering outcomes
are presented: typical days for Community 1, 5 and 10 in Tables 7-9, respectively. When
clusters’ centroids (typical days) are identified, those days’ maximum temperatures and
solar outputs are obtained from history data. Then, energy charge of each typical day is
calculated with 30 min interval electricity demand data and tariff in Table 2 in Section 2.4.

For tropical Community 1 (Table 7), nearly 50% of days in a year have a typical max-
imum temperature around 27.72 °C and a typical daytime energy charge around AUD 300
for electricity use. The remaining 50% of the year has warm to hot days (30 to 32 °C) with
typical daytime energy charges between AUD 450 and 460.

Table 7. Typical days for tropical climate—community 1.

E Ch dur-
No Rebresentin Max Daily Tem- Daily Solar Outputs i;elgz tiI::g(ZUlg) Represent Percentages of
P 8 perature (°C) (kWh/kWp) §ay 23 Days in a Year
1 Hot days 1 32.28 5.38 458.84 13.2%
2 Warm days 1 30.81 3.92 449.47 36.9%
3 Mild days 1 27.72 3.83 300.53 49.9%
Notes: Three typical days are identified for Community 1, each one with a different temperature,
solar and energy charge during daytime hours. Energy charge is a component of demand tariff
(more information is in previous Table 2). Energy charge during daytime hours is the electrical en-
ergy charge for the community for each typical day’s daytime consumption which can be offset by
PV generation.
Table 8. Typical days for subtropical climate—community 5.
. Max Daily Tem- Daily Solar Outputs Energy Charge during Represent Percentages
No. R t
© epresenting perature (°C) (kWh/kWp) Daytime (AUD) of Days in a Year
1 Warm days 29.17 4.40 297.76 29.8%
2 Mild days 28.73 5.76 289.62 17.1%
3 Cool days 23.39 3.24 193.77 53.2%
Table 9. Typical days for temperate climate —community 10.
. Max Daily Tem- Daily Solar Outputs Energy Charge dur- Represent Percentages of
No. R t
© epresenting perature (°C) (kWh/kWp) ing Daytime (AUD) Days in a Year
1 Warm days 29.84 5.29 208.88 22.5%
2 Warm days 29.54 4.18 214.20 14.5%
3 Mild days 22.94 3.09 160.90 35.9%
4 Cool days 19.17 248 189.94 27.2%

For subtropical Community 5 (Table 8), 53.2% of days have a typical daily maximum
temperature around 23.39 °C with a moderate daytime energy charge around AUD 193.77
per day. However, for the remainder of the year, with warmer days, Community 5 needs
around AUD 290 for daytime electricity use on the average.

For Community 10 in a temperate climate zone (Table 9), nearly a quarter (27.2%) of
days are cool days with typically AUD 189.94 daytime energy charge. A total of 35.9%
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days are quite mild, and another 37% days are typically above 29 °C with both higher
solar outputs and higher daytime energy charges.

The accuracy of the three communities’ typical days has been critically evaluated by
studying the differences between yearly bill calculated from typical days and yearly bill
calculated from their whole yearly datasets. As presented in Table 10, the differences are
quite small, all less than 1%.

Table 10. Clustering accuracy evaluation.

No. Community ! > 10
(Tropical) (Subtropical) (Temperate)
Daytime Energy Based on whole data set (2019) AUD 137,350 AUD 87,985 AUD 68,358
charges Based on typical days AUD 137,790 AUD 87,324 AUD 68,371
Differences 0.32% 0.75% 0.02%

After identifying typical days for each community, PV systems of various sizes can
be simulated on the real data of each community’s typical days. To illustrate this process,
the IRR and cashflow of the same communities (1, 5, 10) are presented in Figures 5-7,
respectively.

For Community 1, analysis has been conducted for PV systems rating from 50 kWp
to 600 kWp. As shown in Figure 5a, when only energy saving (reduction for energy
charge) is considered, PV systems never had an IRR above 18%. When both energy sav-
ings and demand reduction (2 aspects of DT) are considered, IRRs are above 30% to start
with and maintained above 18% for the studied PV rating range. The 550 kWp PV system
reaches positive cashflow by the 5th year and this rating is the largest PV sizing to meet
the cashflow criterium. Considering savings in both energy and demand reduction, cash-
flow gets much more positive than only thinking of PV for energy savings as shown in
Figure 5b. One of the key reasons for this is: aged care communities tend to have peak
electricity demands during the day, which mostly happen during solar hours [13]. For this
community, a 550 kWp PV can achieve a positive cashflow by the fifth year and a signifi-
cant financial savings (revenue) near to AUD 3 million by the end of the PV system life-
time (assumed to be 25 years).

x10°

I Cashflow - EC

2 | | I Cashflow - DT

Case with PV (Energy Charge) ‘
N N N N N

50

100 150 200 250 300 350 400 450 500 550 600
PV Ratings (kWp)

$AUD

_10"

§30 —
 20F i

Case with PV (Demand Tariff) |

100 150 200 250 300 350 400 450 500 550 600

PV Ratings (kWp)

()

(b)

Figure 5. Financial KPIs for PV investment at Community 1: (a) Internal Rate of Return; (b) Cashflow
for the community when PV capacity is 550 kWp.
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Figure 6. Financial KPIs for PV investment at community 5: (a) Internal Rate of Return; (b) Cashflow
(PV =350 kWp).
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st Case with PV (Demand Tariff | . 0 5 10 15 20 25
50 100 150 200 250 300 Year

PV Ratings (kWp)

(a)

(b)

Figure 7. Financial KPIs for PV investment at community 10: (a) Internal Rate of Return; (b) Cash-
flow (PV =200 kWp).

For the subtropical Community 5, a similar picture appears: IRRs are much higher
when demand tariff is considered, compared to consideration of only the savings in en-
ergy charges as shown in Figure 6a. For this community, 350 kWp is the largest PV system
rating to reach positive cashflow by the 5th year. By the end of the PV system lifetime (25
years), a significant saving of AUD 1.8 million is achievable.

When comparing the top plot and the bottom plot in Figure 7a, Community 10’s IRRs
from demand tariff’s energy saving and demand reduction are continuously greater than
IRRs from savings in energy charges. The 200 kWp is the largest PV system rating for the
community and its cashflow turns slightly positive by the 5th year as presented in Figure
7b. Over AUD 1 million savings can be achieved by the end of the PV system lifetime.

In summary, the best PV system rating for each community is presented in Table 11.
In this scenario, tropical communities need 4.2 kWp/bed and subtropical communities
need an average of 3.4 kWp/bed with higher allowances for communities of higher elec-
tricity use intensity, such as for Community 7 and 8.

Table 11. Percentages of PV generation meeting energy needs.

Community No.
Community

Climate zones

Optimal return PV rating
kWp
Equivalent to PV kWp/bed

1 2 3 4 5 6 7 8 9 10
CNS TSV MRD PHH SBH PKS LOG IPS TWB SYD

Tropical Subtropical Temperate

(Zone: 1) (Zone: 2) (Zone: 5 and 6)

550 425 250 375 350 250 250 475 175 200
4.2 4.2 2.7 3.2 2.5 2.7 4.2 5.0 2.2 1.7
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% PV outputs meeting elec-

.. 65% 59% 56% 48% 62% 53% 51% 68% 55% 46%
tricity needs

In this scenario in terms of PV outputs meeting communities’ electricity needs, most
communities can achieve 50% of the net zero electricity goal and have a positive cashflow
by the 5th year. In another word, those PV investments would make profits for those com-
munities from the 5th year in operation for about 20 years until the end of PV systems
lifetime.

3.5. Scenarios 4 and 5: 3 kWp/Bed, 5 kWp/Bed

This section presents findings for scenarios where communities are provided with
access to PV system sizing similar to that applied to households, i.e., 3 or 5 kWp/bed.

As shown in Table 12, when a 3 kWp/bed rating is applied to all communities, 5 com-
munities in subtropical and temperate zones can achieve 50% of the net zero electricity
goal. However, tropical communities and 3 subtropical communities are a bit far away
from that goal; the 3 kWp/bed rating is lower than what is needed to achieve the best
return on investment results in the previous section. On a positive note, however, the 3
kWp/bed rating is most likely compensating the local daytime electricity use of those com-
munities. Further with the 3 kWp/bed rating, five of the ten communities would be able
to breakeven on the 5th year because their PV system ratings (row 4 of Table 12) are
smaller than the system ratings with optimal returns in the previous section (row 4 of
Table 11).

Table 12. Percentages of PV system generation meeting demands for 3 kWp/bed.

Community No. 1 2 3 4 5 6 7 8 9 10
Community CNS TSV MRD PH SBH PKS LOG IPS TWB SYD
. Tropical Subtropical Temperate
Climate zones (Zone: 1) (Zone: 2) (Zone: 5 and 6)
PV system rating if 3
396 306 282 348 426 276 180 282 240 360
kWp/bed

% PV outputs meeting elec-

. 47% 43% 64% 48% 76% 55% 37% 40% 77% 83%
tricity needs

When 5 kWp/bed rating is considered, treating community residents like a customer
in anormal network as per Australian national guideline [28], all communities can achieve
over 62% of the net zero electricity goal (Table 13). Four communities can achieve net pos-
itive electricity and the surplus renewable electricity could be used to compensate for the
carbon emissions from other forms of stationary energy use, such as natural gas for cook-
ing, hot water and heating needs.

Table 13. Percentages of PV system generation meeting demands for 5 kWp/bed.

Community No. 1 2 3 4 5 6 7 8 9 10
Community CNS TSV MRD PJH SBH PKS LOG IPS TWB SYD
. Tropical Subtropical Temperate
1
Climate zones (Zone: 1) (Zone: 2) (Zone: 5 and 6)
PV system rating if 5
660 510 470 580 710 460 300 470 400 600
kWp/bed

% PV outputs meeting elec-

.. 78% 71%  106%  79%  127%  92% 62% 67%  128%  138%
tricity needs
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4. Implication and Discussion

This research investigates the impact of renewable energy policy on residential care
communities. It raises the issue of potential unfairness in the way that energy policies and
incentive are applied to residents in households compared with residents in a communal
setting. The results demonstrate that the equitable application of household renewable
energy sizing to a residential community can positively impact communities’ energy re-
duction, financial sustainability, and low carbon transition. A fairer renewable energy pol-
icy for aged care communities can have significant national impact, alleviate public re-
source constraints, and improve renewable energy equity.

4.1. National impact

There were 189,954 residents using residential aged care in the 2019-2020 financial
year (July 2019 to June 2020) based on Australian government statistics [42]. In total, by
30 June 2020, there were 2722 residential aged care facilities across Australia [43], as shown
in Figure 8.

Location of aged care services, 30 June 2020

Care type

|=.es dential care -

Care type
W Residential care

State Number of services

NSW 882

473

247

245

72

ACT 25
NT 12

& 2022 Mapbox & OpenStreetMap

Figure 8. Residential aged care facilities across Australia, adopted from [43].

Our society is on the journey of low carbon transition. The 3 kWp/bed quota is near
to the best return on investment scenario in Section 3.4. When the 3 kWp/bed limit is ap-
plied to all Australian aged care communities, renewable generation and emission reduc-
tion could be increased by 209% when compared to the base 100 kWp per community
scenario (Table 14).

Table 14. Comparison of renewables policies for Australian aged care communities.

Policy Statistics Total PV Yearly Ezszgzn Yl(;e;lrlly
. .
Allowance (2020) Potential Energy Generation Reduction 2 Savings :
100 kWp per com- o :
munity 2722 communities 272,200 kWp 397.4 GWh 269,445 ton AUD 39.7 mil
3 kWp/bed 189,954 residents 569,862 kWp 832.0 GWh 564,095 ton AUD 83.2 mil
5 kWp/bed 189,954 residents 949,770 kWp 1386.7 GWh 940,158 ton AUD 138.7 mil

Notes: Consider on the average 1 kWp PV generates 4 kWh electricity per day across Australia. 1
year has 365 days. In the year of 2021, Australian National Electricity Market’s carbon intensity was
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0.678 kg CO2-e/kWh [44]. Consider 1 kWh electricity has a value of AUD 0.10 through a combination
of offsetting local energy consumption and earning feed in tariff by exporting electricity to the grid.

If senior residents are entitled to have 5 kWp/bed, Australian aged care communities
can produce 349% more renewable energy and further reduce 670,000 tonnes emission
than the 100 kWp per community scenario. The bill savings impact is discussed in the
following section.

4.2. Alleviate Public Resource Constraints

Healthcare is often under budget constraints. Due to service and healthcare needs,
senior living and aged care communities typically have higher energy use intensity, com-
pared to individual dwellings in the same climate [6,7]. This energy consumption is
needed to ensure safe and reliable operation of aged care communities, such as energy for
running medical and healthcare equipment, nursing and communal spaces, central
kitchen and community facilities.

Resource scarcity is a recurrent theme. Multiple reports evidenced aged care cost
pressure and budget constraints [45,46], as does the recent Royal Commission into Aged
Care Quality and Safety [11]. In the 2019 to 2020 financial year, over AUD 13 billion dollars
were spent by Australian governments for residential aged care services, including AUD
13,436.5 million from Australian commonwealth government and AUD 201.9 million from
Australian state governments [47]. In addition, there was another AUD 214.2 million rec-
orded for aged care’s capital expenditure. However, this public funding seems to be in-
sufficient. The recent Royal Commission into Aged Care Quality and Safety calls for a
rapid increase in government funding for the aged care sector [11]. For example, the Royal
Commission projects at least 6.6 times more federal government funding for residential
aged care, comparing 2050 to 2020 scenario.

Renewable energy technology can help alleviate the public budget pressure for the
aged care sector at a ballpark figure of AUD 40 to 139 million dollars potential bill savings
per year (last column estimates in Table 14). If a middle value of an annual AUD 90 million
energy saving is achieved, it equates to an additional 1272 residential aged care service
places (each residential aged care place was allocated with AUD 13,436.5 milion/189,954
= AUD 70,736 government funding in 2020).

Please note Table 14 bill savings (the last column) are based on a conservative pricing
estimate and future savings could be significantly more when electricity prices escalate
over the serviceable life of the PV systems.

4.3. Renewable Energy Equity

On one side, Australia has abundant solar resources and has the highest small scale
solar PV systems penetration in the world with over 25% of homes having a solar system
[48,49]. Individual dwellings often have its own energy meter and small-scale renewable
energy system (no more than 100 kWp PV) would be applicable to them with direct in-
centives.

Aged care communities often have one gate meter for the whole community while
the same 100 kWp limit is applicable for the whole community. However, a community
is the home for tens or over a hundred senior residents. This means it is more difficult for
senior residents in aged care communities to achieve a sustainable energy goal, compared
to residents in individual households.

Therefore, we would advocate for small scale renewable energy system for commu-
nal and senior living to be on a per bed basis. If Australian Distribution Network guideline
(5 kWp) is applied to aged care communities on a per bed basis, rather than per meter or
per site, aged care communities in subtropical and temperate climate zones would likely
achieve or be near to net zero electricity goals on a yearly basis.

Information availability is probably one of the first things to be considered in terms
of realising the renewable energy equity for our senior residents. Australian aged care
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sector is already regulated, and residential aged care communities are regularly examined
for quality assurance. Site addresses, services and bed numbers are regularly reported,
and the information is available on public domain [50], which can enable the calculation
of renewable energy sizing options for each aged care communities.

5. Conclusions

For aged care communities, a small-scale renewable target on a per bed basis clearly
demonstrates significant impact in renewable energy generation, emission reduction, re-
lieving public budget constraints and improving renewable energy equity for community
residents, compared to a static 100 kWp limit for each site or each meter.

This call for a fairer renewable energy policy for aged care communities can poten-
tially be applied to other communal living settings to support energy equity, sustainabil-
ity, and low carbon transition, such as for retirement villages, mixed mode communities
(e.g., seniors and students living).

Other constraining factors for PV systems installation are not discussed in this paper,
such as available roof space or car park space, network capacity and technical limits to
accommodate more renewables during solar hours [51]. These factors are site specific, net-
work location specific and need to be further assessed in detail for each community.
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Appendix A
Solar PV system costing details are in the following Table Al.

Table A1. Solar PV system costing.

Description Parameters
Interest rate 3%
PV system service life 25 years
PV efficiency drop 20% over 25 years
PV inverter system AUD 1200/kWp

AUD 200/10 kWp PV system in the base
year, subject to inflation

AUD 400/10 kWp PV system in the base
year, subject to inflation

PV system yearly maintenance —labour

PV system yearly maintenance —material
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