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1 Introduction 

1.1 Project Overview 

The Narara Ecovillage Cooperative (NEV) development will consist of up to 150 dwellings plus commercial, 
agricultural and administrative/office buildings on community titled lots in 3 stages, with the first 60 lots in 
stage 1. The community has a strong commitment to carbon reduction, sustainable living and resident 
outcomes. NEV has established NEV Power Pty Ltd, a wholly owned subsidiary, to manage the electricity 
network and associated retail functions. NEV Power will maximise this unique opportunity to benefit 
cooperative members by creating an exemplar smart grid solution to become self-sufficient in renewable 
energy and deliver net carbon neutrality and energy security, at reasonable cost and with no adverse impact 
on the utility. 

The first stage will comprise lots and roads for 43 detached dwellings, 17 cluster houses and associated 
water and energy infrastructure. This will incorporate 526 kW of solar PV generation, 460 kWh of batteries, 
smart solutions for system control, power quality control, systems for bidirectional energy flow, and grid 
interaction controls.  

Beast Solutions Pty Ltd are engaged by the NEV Power Pty Ltd to provide smart grid design and project 
management services. 

 

1.2 Scope of Report 

For homes in the smart grid to work effectively, there are several technologies that must be installed, and 
options for additional energy saving technologies. This document summarises the home energy options 
and provides performance specifications; which can be used as a home design guide. The technologies 
summarised as are follows: 

 

Mandatory installation technologies 

 PV panels. 
 Hybrid ready inverters. 
 Smart meters. 
 Home energy management systems. 

 

Additional energy saving technologies 

 Home batteries. 
 Heat pump heating / cooling systems. 
 Heat pump hot water systems. 

 

The document is intended to be a live document and will be updated as the smart grid design progresses. 
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2 House Energy Requirements Overview 

The mandatory technologies proposed for all free-standing homes and cluster homes are: 

1. 3 kW (minimum) of roof mounted photovoltaics. This is broken down into 2 kW for the first 
bedroom and 1 kW for each additional bedroom. The panels shall be primarily angled to face 
north east to north west. Following this, mountings angled further to the east and west will be 
acceptable. South facing installations will be considered on request. 

2. A hybrid (battery ready) inverter. 

3. A smart meter. 

4. A home energy management system capable of turning equipment on / off and optimising 
generated power, stored power and exported power. 

A simplified schematic showing the interconnectivity of these items with the overall smart grid is provided 
in appendix A. 
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3 Photovoltaic Panels 

As part of developments sustainability mandate, each home will be required to install a 3.0 kW photovoltaic 
array as a minimum. In the Narara climate, a 3.0 kW photovoltaic array will generate 4,270 kWh / annum. 
The generated power will feed into the home distribution board, with excess power being sold to the grid 
or stored in a home battery. Ideally all homes in will be self-sufficient, and therefore the 3.0 kW is a 
minimum. The system will need to be coupled with a hybrid (battery ready) inverter. The inverter size should 
be 4.0 kW minimum to allow sufficient battery storage connectivity. 

 

 
Figure 3.1 – Photovoltaic Schematic 

 

There are several suppliers of photovoltaic panels and a sample performance specification is attached as an 
appendix to this document. Recommended manufactures of photovoltaic panels include: 

 Trina Solar. 
 LG Solar. 
 Kyocera Solar. 
 Mitsubishi Solar. 
 Opal Solar. 
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4 Hybrid Ready Inverters 

Hybrid inverters can simultaneously manage inputs from both solar panels and a battery bank, charging 
batteries with either solar panels or the electricity grid. The inverters generally have an in-built management 
and control system that can optimise generation, storage and use. The controls can also interface with a 
home energy management system or site wide smart grid control system. 

There are several suppliers of hybrid ready inverters and a sample performance specification is attached as 
an appendix to this document. Note that the inverters should have a remote reactive power control. 
Recommended manufactures of hybrid ready inverters include: 

 SMA. 
 Fronius. 
 Solax (does not have a standard remote reactive power control) 
 Selectronic. 
 ABB. 

 
Figure 4.1 – Typical Hybrid Inverters (Fronius) 
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5 Smart Meters 

A smart meter is an electricity meter that measures and records electrical data at set intervals. They are 
typically set-up to record data on 15min or 30min intervals and record power use, voltage, current and 
power quality. The output data can interface with a home energy management system or site wide smart 
grid control system. This interval data allows better understanding of a home’s energy use profile and allows 
a home energy management system to optimise equipment use. Additionally, the electronic recording of 
energy data allows for simpler billing especially in cases where power is being imported and exported from 
the home. It is becoming increasingly more common for home energy management systems to provide 
smart meter functionality. 

There are several suppliers of smart meters, recommended manufactures include: 

 Ceta. 
 ABB. 
 Landis and Gyr. 
 GE Energy. 
 Schneider. 

 

Figure 5.1 – Typical Smart Meter (Ceta) 
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6 Home Energy Management Systems (HEMS) 

Home energy management systems are multi-function controllers that optimise equipment use within the 
home. It is becoming increasingly more common for home energy management systems to provide smart 
meter functionality as well. Home energy management systems can interface with solar inverters, smart 
meters and wide smart grid control system. A typical home in Narara Ecovillage will include the following 
home energy management system: 

 Central controller with access via an internet connection. This can be a 3G, 4G or landline 
connection. The internet connection is critical as it allows control data to be sent / received between 
the home and the smart grid control system. 

 Demand management control interface with the following home equipment. 
o Hybrid solar inverter. 
o Smart meter. 
o Hot water system. 
o Heating / cooling (air conditioning) system. 
o Electric vehicle charger (if installed). 

 In addition to the above interfaces the home energy management system can also interface with 
the following home control systems to allow remote access: 

o Lighting control system. 
o Security system. 
o Smart appliances (refrigerators etc). 
o Plugged devices with an infrared interface. 

 

The home energy management system shall operate in a way to minimise import and export of energy from 
the house nano grid. Excess power generated from home PV systems shall be allocated to local loads such 
as hot water and batteries before export from the building unless requested by the demand management 
controller and smart grid. There are several suppliers of home energy management systems and a sample 
performance specification is attached as an appendix to this document. Recommended manufactures of 
home energy management systems include: 

 CarbonTRACK. 
 Samsung. 
 Panasonic. 
 Schneider. 
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Figure 6.1 – Typical Home Energy Management System (CarbonTRACK) 
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7 Home Battery Systems 

The Narara Ecovillage site will have centralised batteries at the main administration building (B1) and farm 
square. These centralised batteries will be used to store energy to support central services (water pumping, 
street lights, etc) when there is no available solar. Batteries can be either A.C. coupled or D.C. coupled, 
sketches for these options are attached as an appendix to this document. Networked battery and PV 
systems are also possible, sketches for a network option are also attached as an appendix to this document 

Individual homes are encouraged to install batteries to balance the loads within the home environment. 
While current prices remain high, it is anticipated that battery prices will reduce significantly over the next 
2 years as additional products are released. There are several suppliers of battery systems including: 

 Lithium Ion. 
o Tesla. 
o LG. 
o Panasonic. 

 

 Zinc Bromide. 
o Redflow. 

 

 Salt Water. 
o Aquion. 

 

 Lead Acid 
o Century Yuasa 
o Panasonic. 
o APC. 

 

Figure 7.1 – Typical Lithium Ion Battery (LG) 

A sample performance specification for a lithium Ion battery is attached as an appendix to this document. 
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8 Heat Recovery Air Source Heat Pump 

Air source heat pumps have the ability to use the air as a heat source or a heat sink. With these systems, a 
reversible refrigeration process is used to generate heated water or chilled water, with the added benefit 
that the heat rejected through the cooling process can also be used to generate heated water. Electricity is 
used to drive the heat pump; and these systems have very high energy efficiency ratios even at low ambient 
conditions (-10 OC to 0 OC). 

Space heating and cooling is delivered via concealed fan coil units and domestic hot water is stored in an 
insulated vessel via a heat exchanger with an electric heating element for emergency back-up. There are 
several suppliers of these systems and a sample performance specification is attached as an appendix to 
this document. 

 

Figure 8.1 – Heat Recovery Air Source Heat Pump Schematic 
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9 Air Source Heat Pump Heating / Cooling 

Air source heat pumps have the ability to use the air as a heat source or a heat sink. For space heating and 
cooling a reversible refrigeration process is used to generate heated refrigerant or chilled refrigerant. 
Electricity is used to drive the process; and these systems have high energy efficiency ratios. Space heating 
and cooling is delivered via concealed refrigerant based fan coil units. However, there is no heat recovery 
with these systems and therefore they do not generate hot water. There are several suppliers of these 
systems and a sample performance specification is attached as an appendix to this document. 

 

 

Figure 9.1 –Air Source Heat Pump Schematic 
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10 Air Source Heat Pump Hot Water 

For domestic hot water a refrigeration process is used to generate heated refrigerant. The heated refrigerant 
is then pumped through a heat exchanger to store domestic hot water. Electricity is used to drive the 
process; and these systems have high energy efficiency ratios, even at low ambient conditions (-10 OC to 0 
OC). Domestic hot water is stored in an insulated vessel with an electric heating element for emergency 
back-up. There are several suppliers of these systems and a sample performance specification is attached 
as an appendix to this document. 

 

 

Figure 10.1 – Hot Water Air Source Heat Pump Schematic 

 

 

  

Hot Water 
Storage Tank 

(Back-Up 
Electric 

Element)
Cold Water Make-Up

Hot Water to 
Shower / Basins

Hot Water Pump

Heated 
Refrigerant 
Flow and 
Return

Heat Exchanger

Condenser Unit



12 

11 Appendix A – Simplified Smart Grid Single Line Diagram 
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12 Appendix B – Home and Network Battery Drawings 

 

 

  



1
.
.
.

12

PV STRINGS

PV STRINGS

DC COMBINER 1 PHASE INVERTER

HOME ENERGY MANAGEMENT SYSTEM

ESSENTIAL SIDE OF DISTRIBUTION BOARD

DC CABLE

AC CABLE

ETHERNET CABLE

SYMBOL KEY

1 PHASE INVERTER

SIMPLIFIED HOME SYSTEM WITH A.C. COUPLED BATTERY

BATTERY BANK

ROOF PV ARRAY

NON ESSENTIAL SIDE OF DISTRIBUTION BOARD

SMART
METER

EXTERNAL TO BUILDING

ESSENTIAL LOADS (HOT WATER, REFRIGERATOR. LIGHTS, ETC)

NON ESSENTIAL LOADS (GPO'S, EV CHARGER, ETC)

INTERNAL TO BUILDING

FROM SITE ELECTRICAL NETWORK

FROM SITE COMMUNICATIONS NETWORK

1
.
.
.

12

PV STRINGS

PV STRINGS

DC COMBINER 1 PHASE HYBRID INVERTER

HOME ENERGY MANAGEMENT SYSTEM

ESSENTIAL SIDE OF DISTRIBUTION BOARD

SIMPLIFIED HOME SYSTEM WITH D.C. COUPLED BATTERY

ROOF PV ARRAY

NON ESSENTIAL SIDE OF DISTRIBUTION BOARD

SMART
METER

EXTERNAL TO BUILDING

ESSENTIAL LOADS (HOT WATER, REFRIGERATOR. LIGHTS, ETC)

NON ESSENTIAL LOADS (GPO'S, EV CHARGER, ETC)

INTERNAL TO BUILDING

FROM SITE ELECTRICAL NETWORK

FROM SITE COMMUNICATIONS NETWORK

BATTERY BANK

RS485 CABLE

ISOLATOR

BATTERY BANK

D a t e:

R e v i s i o n:

P r o j e c t:

S c a l e @ A1:

D r a w i n g T i t l e:

R e v i s i o n  n o t e s:

Rev: Date: Notes:

Drawn by: 

Client:

CHRIS KORNEK

NARARA ECOVILLAGE POWER PTY LTD

NARARA ECOVILLAGE

MICRO-GRID

SIMPLIFIED HOME SYSTEMS

SINGLE LINE DIAGRAM

14/11/2016

1:100

1

1 14/11/2016 PRELIMINARY DESIGN



1
.
.
.

12

PV STRINGS

PV STRINGS

DC COMBINER 3 PHASE INVERTER

INVERTER / NETWORK MANAGER

PV AND BATTERY DISTRIBUTION BOARD

DC CABLE

AC CABLE

ETHERNET CABLE

RS485 CABLE

SYMBOL KEY

ISOLATOR

BATTERY BANK

3 PHASE INVERTER

NETWORK PHOTOVOLTAICS AND BATTERY

BATTERY BANK

EXTERNAL PV ARRAY

BATTERY ENCLOSURE

TO SITE ELECTRICAL NETWORK

FROM SITE COMMUNICATIONS NETWORK

D a t e:

R e v i s i o n:

P r o j e c t:

S c a l e @ A1:

D r a w i n g T i t l e:

R e v i s i o n  n o t e s:

Rev: Date: Notes:

Drawn by: 

Client:

CHRIS KORNEK

NARARA ECOVILLAGE POWER PTY LTD

NARARA ECOVILLAGE

MICRO-GRID

NETWORK PV AND BATTERY

SINGLE LINE DIAGRAM

14/11/2016

1:100

1

1 14/11/2016 PRELIMINARY DESIGN



0m 1m 2m 3m 4m 5m

A A

PLAN VIEW

SIDE VIEW (SECTION A - A)

SCALE BAR

540 150

600

21
00

24
40

7840

34
40

5990

28
00

20
00

50 800

6,000mm CLEARANCE ZONE FROM CONTAINER WALL

6,000mm CLEARANCE ZONE FROM CONTAINER WALL

6,000mm CLEARANCE ZONE
FROM CONTAINER WALL

6,000mm CLEARANCE ZONE
FROM CONTAINER WALL

NOTES

1

10

32

4

5
6

7

8

9

11

12 13

14

1515

16 16

18

18
18

19

CONTAINER WALLS AND DOORS TO BE INSULATED

13

17

17

9

9

D a t e:

R e v i s i o n:

P r o j e c t:

S c a l e @ A3:

D r a w i n g T i t l e:

R e v i s i o n  n o t e s:

Rev: Date: Notes:

Drawn by: 

Client:

CHRIS KORNEK

NARARA ECOVILLAGE POWER PTY LTD

NARARA ECOVILLAGE

MICRO-GRID

230 kWh BATTERY BANK

CONTAINER LAYOUT

14/11/2016

1:100

1

1 14/11/2016 PRELIMINARY DESIGN



14 

13 Appendix C – Equipment Performance Specifications 
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