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Healthcare Sector

i-HUB Outcomes and Next Steps

Presenter Notes
Presentation Notes
Welcome everyone to the final healthcare sector seminar in relation to the innovation hub for affordable heating and cooling. My name is Wendy Miller and I’ll be guiding today’s webinar on behalf of all stakeholders in this set of projects.
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Agenda
• Acknowledgements
• Purpose of healthcare sector activities
• Summary of work < 3 years

• Technology evaluations
• Hospital energy use in future climates
• Pandemic mode ventilation 
• Demand Response
• CSSD

• Renewable Energy Roadmap
• Future directions - Discussion

Presenter Notes
Presentation Notes
Before we start, can I ask if anyone objects to recording the first part of this session? The presentation part?And as we go through, I ask that you keep any questions or comments to the end. And feel free to use the chat function.The agenda for today’s workshop is shown on screen. I will present a summary of the outcomes of the iHUB – in relation to healthcare facilities – over the next 30-40 minutes or so. The technical reports for each of these outcomes can be found on the iHUB website (or soon will be). So we wont get into all of the technical detail of the different sets of work this morning. The purpose of this session is to provide you with the highlights of the outcomes of each of the sub-projects.For the last half of the workshop I will pose some possible future directions for our collective consideration. This will be an open discussion on what, in your view, needs to be done next, and how might we collectively enable those activities to happen.
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Acknowledgements
• i-Hub Living Laboratories Project Teams 

• A/Prof. Wendy Miller, Sherif Zedan, Aaron (Lei) Liu, Bruce (Yunlong) Ma, Talara Berry, Nima Izadyar, Glenn 
Crompton

• A/Prof. Georgios Kokogiannakis,  Prof. Paul Cooper, Clayton McDowell, Dan Daly, Michael Tibbs, Matthew 
Daly, Laia Gomis, James Roth

• Appreciation for support (financial and/or inkind) from:
• Australian Renewable Energy Agency (ARENA) 
• Australian Institute of Refrigeration, Air-conditioning and Heating (AIRAH)
• Children’s Health Qld, Bolton Clarke and Warrigal Aged Care (living lab hosts)
• Stantec Australia
• Mater Group, Uniting Care, Carinity, Baptist Care, Websters Group, NABERS 
• Australasian Health Infrastructure Alliance (AHIA) and all state public health departments
• Doctors for the Environment Australia (DEA); Climate and Health Alliance (CAHA)

Presenter Notes
Presentation Notes
The innovation Hub for Affordable Heating and Cooling has had three activities streams: Living Labs, Integrated Design Studios and Data Clearing House.The healthcare activities of the iHUB have predominantly happened through the Living Labs stream, although there were three integrated design studios that involved aspects of aged care, and a data clearing house project that involved a public health district.  This presentation will focus on the Living Lab outcomes, but include a short summary of the design studios and data clearing house towards the end.The Living Lab activity stream was managed jointly by myself at QUT and my colleague Georgios Kokogiannakis from University of Wollongong. The QUT team was predominantly involved in the healthcare sector, with one living lab managed by the UOW team. The UOW team were predominantly involved in the schools sector activities.�QUT and UoW would like to acknowledge the significant support provided by the listed entities: in particular the financial support of ARENA for all sub projects; and of AHIA for one of the subprojects.The outcomes would not have been possible without the significant inkind support of the living lab hosts, the members of the knowledge sharing taskgroup, and the broader healthcare organisations listed.
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Purpose 
• Quantify sector energy consumption
• Reduce energy demand (esp. for HVAC)
• Manage demand
• Enhance value of renewable energy
• Identify new key performance indicators

……. On the pathway to net zero carbon 
emissions (and enhanced resilience)

This Photo by Unknown Author is licensed under CC BY-SA-NC

Presenter Notes
Presentation Notes
The overall purpose of the healthcare sector activities related to energy: understanding how/when/why healthcare facilities use energy ... Then determining how can demand be reduced and managed, particularly for HVAC systems, and how can the value of renewable energy be enhanced. The longer term goal is, of course, net zero emissions and enhanced resilience.

https://www.peoplematters.in/article/life-at-work/employee-experience-is-about-providing-a-sense-of-purpose-21688
https://creativecommons.org/licenses/by-nc-sa/3.0/
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Technologies tested in healthcare Living Labs
Technology Performance outcomes

Synengco Sentient System (HVAC Plant Digital 
Twin)

Identified 2 of 3 chillers operating 25% below design 
performance

Norman Australia Honeycomb Blinds (cellular 
blinds)

Reduced window Uvalue 50-62%
12.5% cooling energy reduction
4.6% total energy reduction

Exergenics Digital Twin Chiller optimisation: Annual energy saving 432MWh; peak 
demand reduction 99kVA
Chiller staging optimisation: Annual energy saving 188KWh

Graphene Management Group – refrigeration 
outdoor condenser coating

Annual energy saving 474kWh per unit

Buildings Alive Rapid Efficiency Feedback Annual energy saving potential 34MWh

Flow Power (energy retailer providing direct 
exposure to wholesale spot price)

Most months – lower costs
High price events – significantly higher costs for short periods 
HVAC DR opportunities to mitigate this

DNA Energy (HVAC Demand Response wireless 
technology)

Enables predictive control of HVAC (demand flexibility) – through 
precool or preheat prior to anticipated spot price fluctuations

Presenter Notes
Presentation Notes
Over the course of the last 2 ½ years the 3 living labs – 2 in aged care centres and 1 in a hospital – evaluated a range of technologies provided by third parties. Some of these evaluations were of physical technologies (e.g. the cellular blinds and graphene coating) that could be applied to existing facilities .Others were digital technologies that were applied to HVAC plant operations (e.g. Synengco, Exergenics, Buildings Alive).Yet others, such as Flow Power and DNA energy, were ‘products’ that were theoretically evaluated based on site data (but not actually deployed).
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Hospital energy use in future climates –
Building Simulation

Presenter Notes
Presentation Notes
To understand how hospital energy use might change in the future, the AHIA supported a project which saw the creation of two hospital models. These two models, based on real hospitals, represent a small single storey health facility (~8000m2) and a large multistorey major hospital (~142,000m2). These two models were simulated in 10 locations around Australia (the 8 capital cities + Mt Isa + Mildura) – using the current Typical Meteorological Year climate file, and future climate files representing 2030, 2050, 2070 and 2090. The energy data was analysed in 3 ways: heating loads, HVAC loads excluding heating, and site loads. These models are available to AHIA members for utilisation. For example, the models could be amended to match the NCC 2019 minimum requirements for a particular climate zone, then enhanced to see the impact of a higher performing building envelope (e.g. NCC + x%).
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Future heating demand for a large hospital

In the 2090 scenario:
heating demand is 
reduced in all locations
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Presenter Notes
Presentation Notes
This slide uses 2022 as the baseline, and shows the reduction in future heating demand in all locations, for the large hospital.
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Future HVAC load for a large hospital 
Findings:
Temperate, subtropical and 
tropical regions all have 
increased HVAC system load;

Canberra and Hobart may 
have <1% HVAC load 
reduction.

The rate of increase is 
different for different climates
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Presenter Notes
Presentation Notes
In contrast, this slide, again using the current year as the baseline, shows the increase in HVAC load. 
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Future heating demand for a small hospital
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In the 2090 scenario:
heating demand is 
reduced in all locations

On the average, heating 
accounts for 18% of a 
small hospital’s energy 
use in the 2090 
scenarios.

Presenter Notes
Presentation Notes
Similarly, for the small hospital, heating demand is likely to fall significantly over time
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Future HVAC load for a small hospital
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Findings:
Temperate, subtropical and 
tropical regions all have 
increased HVAC system load;

Canberra and Hobart may 
have 7% ~12% HVAC load 
reduction.

The rate of increase is 
different for different climates 
(so some areas need to 
consider a longer planning 
horizon than others)

Presenter Notes
Presentation Notes
While the HVAC load increases significantly – more than for the larger hospital. This is because of the larger volume to surface area ratio of single storey buildings (highlighting the need for these buildings in particular to focus strongly on the building envelope to reduce heat gain).It is worth noting at this point that the modelling was done using resistive element electric boilers (no gas), for illustrative purposes. The full report shows, for a few locations, the comparative impact of using ground source heat pump systems – a much more efficient option. The AHIA could use the models to investigate the electrification of boilers – comparing different technology options.
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Impact on RE potential – small hospital

Location 2030
GWh 

increase

2030
kWp PV 
increase

2050
GWh 

increase

2050 
kWp PV 
increase

2070 
GWh 

increase

2070
kWp PV 
increase

2090 
GWh 

increase

2090
kWp PV 
increase

Darwin 0.17 107 0.36 223 0.19 118 0.20 122
Brisbane 0.08 54 0.09 60 0.18 118 0.17 111

Mt Isa 0.09 49 0.17 95 0.06 33 0.12 70
Sydney 0.04 27 0.11 79 0.04 25 0.12 83

Perth 0.00 1 0.03 21 0.03 18 0.08 50
Melbourne -0.03 N.A. 0.01 8 0.05 36 0.03 24

Adelaide -0.02 N.A. 0.01 7 0.02 10 0.03 21
Mildura -0.03 N.A. 0.02 13 0.01 8 0.04 25

Presenter Notes
Presentation Notes
If a facility has a net zero carbon or 100% renewable energy target, additional renewable energy would be required to meet the future energy consumption caused by the warming climate. This table shows the increased PV capacity required by the small health care facility in various locations in order to meet the expected increased consumption.
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Hospital energy use in future climates –
Data modelling

Presenter Notes
Presentation Notes
The examples just shown were based on building simulation studies – creating a model of a building and its HVAC system – and simulating the energy performance with different climate files.An alternative method of modelling future impact is to develop a data driven model. This was done for the QLD Children’s Hospital.
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QCH Precinct Monthly Electricity Use vs 
Temperature

1 sentence version description:

1°C temperature increase leads to 2 
MWh/day electricity use increase

2MWh of electricity is about 110 
Southeast Qld households’ daily 
electricity use 
- considering a household uses 
18kWh/day on the average

Analysis based on 2015-2021 data

Presenter Notes
Presentation Notes
Multiple years of site electricity use data and weather data were used to correlate mean daily electricity use with mean monthly maximum temperature. This data shows that a 1 degree increase in temperature leads to a 2MWh/day electricity use increase for this hospital.  
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QCH Electricity Forecast 2030 -2090

Presenter Notes
Presentation Notes
This correlation was then applied to the future weather files, resulting in a forecast of QCH’s electricity use out to 2090.Note that the forecast is based on site electricity use data, and does not include gas usage (this site currently has gas boilers for space heating). The impact of heating electrification is yet to be better assessed, considering gas prices, energy security issues and more forecast shortage (AEMO, AEMC).
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Pandemic mode ventilation – Hospital Ward
Scenario Description
Base case –
Scenario 1

NCC2019 profiles; Location Melbourne
Single zone, constant volume AHU ; no zone 
reheat; 700Pa

Scenario 2a Base design changed to 100% outdoor air 
with G4 pre-filter on outside air & F8 filter in 
mixing plenum

Scenario 2b Scenario 2a with F8 filters changed to F9

Presenter Notes
Presentation Notes
Another set of modelling supported by AHIA’s involvement, involved investigating the energy impact of COVID-19 ventilation strategies – in particular the early pandemic advice to increase outdoor air to 100%, and increase filter efficiency. This is inline with general ventilation mantras of dilution followed by filtration.For this work, Stantec developed a building simulation model of a hospital ward – based on the Footscray hospital under construction in Melbourne. Three ventilation scenarios were modelled – the base case (current practice prior to the pandemic); 100% outdoor air; and 100% outdoor air plus F9 filters.
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Impact on normalised monthly energy profile
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Presenter Notes
Presentation Notes
The monthly normalised results (kWh/m2), for Melbourne, are shown in this graph. Because of Melbourne’s climate, scenarios 2 and 3 have a higher impact on winter demand.
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Impact on summer peak demand
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Presenter Notes
Presentation Notes
However, despite this, the impact on summer peak demand is also significant – 180%. This is particularly important if a site is paying demand charges.
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Impact in Darwin
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Presenter Notes
Presentation Notes
For comparative purposes, the same scenarios were applied to Darwin, with results shown in this graph. The overall impact on annual kWh is very substantial – 10kWh/m2 extra in the coolest month, and around 260% in the wet season months.But why does this matter – if the purpose of the ventilation strategies is to stop the spread of airborne viruses ? Surely if it is known that 100% outdoor air is the most effective strategy, then its worth it?
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Pandemic – CFD modelling scenarios
Scenario Notable features Recirculation % considered
Base Case Two large return air grilles located in common 

areas. General doors open.
75% + 25% droplet 
recirculation

100% Outside Air Geometry and ventilation rates identical to 
scenario 1 except with no droplet recirculation 
with the system. General doors open.

0% droplet recirculation

Localised Return Localised smaller return air grilles in each room 
as opposed to that considered in scenario 1. 
Doors closed.

75% + 25% droplet 
recirculation

Localised Return + air 
purifiers in populous areas

Identical to scenario 3 with the inclusion of 4x 
air purifiers located in populous regions within 
the common spaces. Doors closed.

75% + 25% droplet 
recirculation

Localised Return + air 
purifiers in populous areas + 
individual purifiers per room

Identical to scenario 4 with the inclusion of 15x 
smaller air purifiers located adjacent to each 
bed. Doors closed.

25% droplet recirculation

Presenter Notes
Presentation Notes
To examine this, Stantec used the same ward configuration, Computational Fluid Dynamics (CFD) modelling, and known science about the size of various airborne particles – to examine the effectiveness of different ventilation strategies (in terms of the number of suspended particles remaining after a set period of time). The scenarios examined are shown on this table.  There is little scientific evidence about droplet recirculation (how many remain suspended or how far they travel or their decay rate in HVAC systems), so 3 droplet recirculation percentages were considered (0, 25% and 75%). 
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Ventilation  
CFD results

Scenario 75% Droplet Recirculation 25% Droplet Recirculation (Brackets 
denote relative to 25% base case)

1 Base Case -0% -9.89% (-0%)
2 100% Outside Air -12.38% -12.38% (-2.77%)
3 Localised Return -1.45% -13.86% (-4.41%)
4 Localised Return + air purifiers in populous areas -21.57% -32.39% (-24.97%)
5 Localised Return + air purifiers in populous areas 

+ individual purifiers per room
N.A. -42.38% (-36.06%)

Presenter Notes
Presentation Notes
This graph shows the net suspended aerosols after 600s (10 minutes) and the table summarises the percentage changes for each scenario relative to the base case. 
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Ventilation implications
• Increasing outside air poses significant challenges

• Triggers increasing cooling / heating load and energy consumption
• Ductwork and coil capacities may not be appropriately sized for this change 

without significant upgrade
• Capital and operational costs at odds with sustainability objectives

• Effectiveness of outdoor air is sensitive to the droplet recirculation rate, which 
depends on the type and configuration of the ventilation system

• Portable air purifiers are highly effective in high respiratory activity zones
• Strategically located local exhaust and filtration systems provide more benefit 

than increasing outside air

Presenter Notes
Presentation Notes
What does this mean? The key findings – at this stage – seem to be that .... (SUMMARISE SLIDE)
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Demand Response – market participation
Participation Pathway Main mechanism Considerations
No Third Party or AEMO 
registration required

DNSP Demand charges (price and 
type vary across networks)

Peak Monthly Demand

Peak Annual Demand

Seasonal Demand
Participation through a 
Retailer

NEM wholesale market (Spot 
Market)

Automatic control or opt-in/out control

Trigger price to participate

Revenue sharing split

Hours of operation control each year
Participation by 
registering with AEMO or 
through a Third-Party 
Aggregator

Wholesale Demand Response 
Mechanism (WDRM) 

(from Oct 2021)

Aggregators can bid into 5 minute NEM wholesale market and must 
respond to dispatch instructions from AEMO

Revenue sharing between aggregator and customer
Frequency Control Ancillary 
Services (FCAS)

- Regulation (minor deviations) 
market

- Contingency (major event) 
market

Operate on 5 minute intervals.

MW available to add/take off the network

Payment for availability, even if services not required

Require high speed metering and data transfer

Reliability and Emergency 
Reserve Trader (RERT)

Emergency research called on by AEMO during extreme events; no 
payment if not called on.

Presenter Notes
Presentation Notes
The next investigation involved understanding the options healthcare facilities may have for participating in the electricity market through demand response, in particular through the use of backup generators, which are underutilised assets. This work was also undertaken by Stantec.The three main pathways for participation are shown in this table, together with the key considerations that a facility would need to address. Given the volatility of the national electricity market this week, this is an area where much change is possible.
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Major hospital case study

Presenter Notes
Presentation Notes
The electricity data of a major hospital was used to illustrate how that facility could have benefited (or not) from participation in three different DR options over the past 5 years – by using just 1 of its backup generators for this purpose. This graph shows that, for this facility, DNSP participation benefits were negligible, but NEM spot market participation, and FCAS participation could have been financially beneficial. Financial benefits from participation, however, tends to be dependent on extreme events on the NEM which may or may not happen in any particular year. Take note of what’s happened in recent days and weeks. Future revenue forecasts are not guaranteed.
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DR – risks / mitigation
Key risks / considerations Mitigation measures
DR revenue / ROI of infrastructure upgrades 3rd party agreements can negotiate a fixed payment or 

cost/payment sharing
Loss of control of generators / forced load 
shedding

3rd party agreements can include optional rather than 
mandatory control and limit hours of operation

Unattended plant start /stop Procedures, education, training, signage
Constant start/stop of generators Minimum run time can be set in the agreement
Underloading generator Protection system to short down if underloaded
Additional generator wear and tear DR often requires higher levels of monitoring, leading to 

better preventative maintenance
Refuelling Review refuelling schedules and storage

More frequent use minimises risk of stale fuel
Greenhouse gas emissions Diesel emissions currently ~ NEM emissions average

DR facilitates larger uptake of renewables on the NEM
Longer term alternatives (biofuels, hydrogen, batteries)

Presenter Notes
Presentation Notes
The key risks or considerations as identified in this study are shown in this table. Each of these can be mitigated through appropriate measures.
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CSSD case study: upgrade and electrification

Existing CSSD New CSSD
Average Utilisation % During Hours 60% 80%
Operating Hours 18 hrs / day

365 days / year
6,570 Total hours / year

10 hrs / day
365 days / year
3,650 Total hours / year

Electricity Maximum Demand 185 kVA (258A) 618 kVA (860A)
Gas Maximum Demand (MJ/hr) 960 kg/hr Steam (192 per steriliser)

66.2 m3/hr Gas
0

Annual Electricity Consumption 693,000 kWh 1,714,000 kWh
Annual Gas Consumption 261,000 m3 / year

9,720 GJ / year
0

Presenter Notes
Presentation Notes
The final analysis involved the impact of the mandatory implementation of AS/NZS4187 – Sterilisation – that is required by the end of 2021 and 2022. This table, provided by Stantec, presents a case study of a large refurbishment of a hospital Central Sterilisation Service Department (CSSD). It shows the significant impact on electrical maximum demand and on annual electrical consumption for a fully electric CSSD compared to an existing electric / gas CSSD. To me it demonstrates that the move to standards compliance – for health reasons – also provides an opportunity for decarbonisation through electrification.  
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Integrated Design Studios IDS 10, 13, 14
Subtropical and Tropical Mixed Use 
Buildings incorporating aged care 
(IDS13/14) – Bolton Clark
• Challenges of mixed-use building typologies

• No BAU EUI baseline
• No clear methodology for allocating and 

reporting KPIs
• Both a home and workplace (different 

thermal comfort needs)
• Significant reduction in cooling demand 

(better buildings) changes options for HVAC 
technologies, O&M costs and % of load met 
by PV

Residential Aged Care Facility Wollongong 
(IDS10) - Lendlease
• Balancing architectural & engineering 

priorities
• Standards considered a limiting factor in 

deciding what can / can’t be achieved
• Five key aspects with commercial viability

• Design for wellbeing
• Passive design solutions
• Operational improvements
• Additional renewable energy generation
• Embodied carbon

Presenter Notes
Presentation Notes
Three integrated design studios incorporated healthcare facilities. Integrated Design Studios examined both the PROCESS of integrated design (i.e. the early involvement of architects and engineers, and how designs evolved) in the design process, and the OUTCOMES of the process (in terms of reduced demand, better HVAC, enhanced value of renewable energy etc).The reports of these studios can be found on the iHUB website (or will shortly be available).Some of the key findings are shown here – and are just as relevant to hospital settings as to aged care.
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Data Clearing House Project 9: Health district
• Energy use intensity (EUI) and productivity KPI

• KPI 1: metered energy data normalised by floor area, beds, bed day
• Environmental and Societal KPIs

• KPI 2: avoided GHG emissions (tCO2-e and $)
• KPI 3: avoided air pollution ($ value on PM10 NOx, SO2)

• Energy Network KPIs
• KPI 4: peak demand by period (KVA per day, date & time matched with BOM)
• KPI 5: wholesale cost of peak 30 minute electrical demand
• KPI 6: total self consumption rate (solar export time series per NMI & site)
• KPI 7: HVAC self consumption rate
• KPI 8: net facility load factor (avg kWh/peak KVA monthly, seasonally, annually)
• KPI 9: demand response capacity (KWh/disaggregated HVAC loads)
• KPI 10: energy cost

Presenter Notes
Presentation Notes
The Data Clearing House activity also had a subproject involving a health district.Queensland’s Metro North Health (MNH) has a diverse set of buildings with large variability in age and systems contained within. Like many hospital buildings, they are in a constant state of flux and receive continual and ongoing upgrades. While telemetry and sensors have the ability to generate large datasets, most of them are inaccessible due to on-premise data silos coupled with inconsistent naming conventions, while electricity and gas invoices arrive as PDF or paper documents. Modelling data becomes a per-building activity, making scalable application development an impossibility. Without a standard metadata schema, application development cannot happen across the entire sector. This project allowed MNH to trial the CSIRO cloud based platform the Smart Building Data Clearing House (DCH). This project explored 10 KPIs that had been proposed in the Living Lab Healthcare baseline reports, providing technical commentary on how they could be implemented in a hospital. This set of KPIs moves beyond the usual energy use intensity (KPI 1 in this list) and energy cost (KPI 10), to include additional environmental and societal performance indicators, and energy network indicators. Additional potential indicators, for example health indicators, and resilience indicators, are proposed in the Roadmap.
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Healthcare Roadmap

Presenter Notes
Presentation Notes
One of the key outputs of this whole set of works is a Renewable Energy Roadmap for the healthcare sector. The contents of the Roadmap draw on the Living Lab subprojects outlined previously, as well as the integrated design and data clearing house subprojects that related to healthcare facilities.This Roadmap, still undergoing graphic design before release, is presented in the form of a practical guide to assist organisations to develop a bespoke renewable energy and enabling technologies and services implementation plan for individual health care buildings and sets of assets. This plan – focusing on stationary energy use and supply – can be one part of a larger net zero emissions strategy that would also need to tackle emissions from non-energy sources.Healthcare facilities, for the purposes of this roadmap – are defined as hospitals and aged care facilities, but the strategies can also be adapted to other types of healthcare facilities such as general practice surgeries, allied health practices, day surgeries, pharmacies, independent living and assisted living units etc. Because of this broad target audience, and the different stages that each stakeholder has in their NZE journey, not all parts of the roadmap may be applicable to all buildings.The roadmap consists of two parts: establishing the framework through which the plan will be actioned, and examination of the energy system options.
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Future work - DISCUSSION
A formal national 
collaboration vehicle  
(e.g. Sustainable 
Healthcare Unit)

https://padlet.com/w2miller/i45ft753boslmlr8

Presenter Notes
Presentation Notes
So that’s a quick summary of what we’ve collectively done over the past 30 months. Based on this work, the text box and table on this slide are our team’s reflections on what might happen next. (Recording stopped at this point).DISCUSSION :  First, for me, one of the key outcomes of the iHUB subprojects has been the development of a significant network of people and organisations in the healthcare sector, representing public and private providers; clinical and asset practitioners etc. Beyond this workshop – the last for iHUB workshops – it would be great to see this collaboration continue, and perhaps be formalised and expanded.The clinical side of healthcare facilities, including the DEA, AMA and medical colleges, have been calling for a national sustainable Healthcare Unit.This unit could conceivably be a means of formalising and extending the network, and could incorporate: Clinical perspectives (e.g. DEA< AMA, medical colleges); Hospital asset management perspectives (e.g. AHIA< and private hospitals and facilities); Aged care providers and/or overarching bodies; Air conditioning industry (AIRAH); Renewable energy industry (Clean energy council?); NABERS; Energy Efficiency Council (EEC); Academia. Any thoughts? Comments?Secondly, the subprojects carried out through the iHUB have provided some interesting and thought provoking outcomes. The table on this slide presents our thoughts on what future work could be useful for the healthcare sector. Take a moment to read through this list.  Now I ask you to switch to an online whiteboard. The address is shown on the slide, and a link is provided in the chat function.Give each of these broad topics a score of 1-5 depending on your view of their importance (5 being very important, 1 being not very important). Feel free to add any comments to these topics, or to suggest additional areas of interest.Next, is there any broad category that is missing from this list? Something that was partially addressed by the iHUB subprojects but needs further work? Or something that wasn’t addressed at all and needs to be addressed?Finally, what collaboration and funding options might exist for enabling this work to happen? Who could be the key stakeholders/ participants?
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