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				Changing the climate future 

				
The future isn’t what it used to be. The future we now expect is one of even more intense rainfall. What can we do about it? 




In Australia, there is now expected to be a 41–88 % increase in intense rainfall assuming a fossil-fuel development emission scenario by 2090, working from a 1961–90 climate base. In Tasmania, our previous vision of 2090 was an expected intense rainfall increase of only 16.3 %. So the future is looking different, with more intense rainfall. New projections are making the present and near future look different too. We now understand that there will be a 16 % increase to the current climate (2021–40) for 3-hour-duration rainstorms (since the 1961–90 period). In other words, the ‘old future’ is now and the ‘new future’ is different from what we thought. 
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In December 2023, draft changes to the Australian Rainfall and Runoff (ARR) climate change advice were released, changing many of our projections. Between the 1961–90 rainfall data used to calculate the intensity-frequency-duration of most rainstorms and the ‘current’ climate (2021–40), there is expected to be a 1.3 °C rise in global temperature (noting that this comes on top of the already 0.3 °C increase in global temperature from the 1850–1900 pre-industrial period to 1961–90). So for a fossil-fuel development emissions scenario (SSP5–8.5, Meinshausen et al 2020), what we previously projected for intense rainfall by 2090 is now our projection for some storms in the ‘current’ climate (2021–40).  




If the ‘old future’ is our new reality, what could the actual future be?  




As of March 2024, the future is projected to be hotter than previously expected, and intense rainfall is expected to increase proportionally more for every degree of temperature rise. There could be a small increase in catchment losses, but these are expected to be overwhelmed by the increases in intense rainfall. There is also a better understanding of the uncertainty in the modelled projections. 




An example in Tasmania 




In Tasmania, water is fundamental for the environment and community, and the importance of our understanding of water is heightened by our reliance on hydropower for the bulk of our electricity. However, the climate changes discussed here are less about longer term water and energy yields than about the intense rainfall associated with flooding.  




For Tasmania: 




	Prior to the draft December 2023 ARR advice on climate change (Engineers Australia, 2023), with the SSP5 emission scenario with 8.5 W/m² radiative forcing there was projected to be a 16.3 % increase for all rainfall durations by 2090. The December 2023 draft advice for this scenario is that by 2090 the increase in intense rainfall is expected to be 41–88 % over the 1961–90 climate base (that is, the data you can get from the Bureau of Meteorology as the 2016 intensity-frequency-duration rainfall data). This means 41 % for 24-hour and longer duration rain storms, and up to 88 % for durations of 1 hour and shorter. These apply across Australia for rarities from an exceedance per year to the probable maximum precipitation event. There are several papers on the subject, for example Visser et al (2022) and Wasko et al (2024). 
	For 1 hour and shorter duration storms, which are important for drainage from building roofs and for most town local stormwater systems, the current period (2021–40) has a 20 % increase in intense rainfall over the climate base (1961–90). This means that all designs made over the last few years using a 20 % increase in rainfall to allow for a future climate will still work as expected for the time being. But after about 2040, these designs are unlikely to perform as expected. 
	For 3-hour-duration storms there is expected to be a 16 % increase over the climate base (1961–90) for the 1.3 °C rise in temperature to the ‘current’ period (2021–40). This means that what we thought would only happen in the more distant future is expected to be occurring now. The reasons we say this is ‘expected’ is that we won’t know for sure until we look back on this period with hindsight. 
	For the 24 hour and longer durations, the current period (2021–40) has an 11 % increase in intense rainfall over the 1961–1990 climate base. With the non-linear relationship between rainfall and runoff, the increase in peak stream flood flow is expected to be higher than 11 % for most larger rivers, such as those that flow to our dams. 





Impacts on decision-making and design 




Following the Sixth Assessment Report in 2023 (AR6) by the United Nation’s Intergovernmental Panel on Climate Change (IPCC) (https://www.ipcc.ch/assessment-report/ar6/), and anticipating the next one due around 2029 – and with science and engineering understanding increasing all the time – it’s likely that our projections of the future scenarios and understanding of the past will continue to evolve. Obviously, infrastructure that’s built stays built, but can be augmented. Standards and methods can’t change every year for practical reasons, but those of us impacted by climate and water are wise to remain up to date and always use the most contemporary knowledge. Asset owners, regulators, consultants and the community need to pay attention as the climate changes. 




When the goal posts shift, we need to take stock of previous advice provided with old rainfall data, and consider how to include current rainfall data in new advice. As we go forward, we also need to be more careful in our language about how we reference the past, current and future. 




When making decisions for infrastructure that will last at least 100 years and take 5 to 20 years to plan, design and build, such as sizing dam spillways, a range of risk mitigation strategies are required for managing an uncertain future (for example https://entura.com.au/designing-dams-for-an-uncertain-climate-future/). When reviewing the performance of existing systems, defining the ‘current climate’ is important. Climate change isn’t something just for future scenarios – we’re living it now. 




Strategies to support better climate-related decision-making include: 




	using the current best knowledge 
	understanding data and model uncertainty 
	understanding natural climate variability on seasonal to decadal time scales 
	understanding that future climate scenarios are all possible 
	applying sensitivity analysis 
	using multi-criteria assessment 
	using staging strategies 
	providing options in design for changing levels of service. 





If, for example, we were designing a new building to be built soon near a watercourse, all the following approaches could be considered:  




	Design the level of the earthworks and finished hardstand levels to meet the level of service in the ‘current’ climate (e.g. 2021–40), considering a freeboard over the raw modelled river levels to account for uncertainty in any modelled results. 
	Make allowances in the construction to address future climate scenarios (e.g. SSP5 2090) and build now only what’s prudent. 	Allow space for a future flood wall and its footings, potentially building the footings now if integrated into the current site works. 
	Consider space for future flood gates on site entry, and consider their storage and other requirements that are best allowed for in the current construction (such as communication and power conduits under hardstand areas, and space in control rooms). 
	If a flood wall is not desirable or if construction access for building a flood wall is not going to be practical in the future once the site is developed, it may be better to lift the site levels or build the flood wall as part of the current works. 







Uncertainty has always been part of engineering design, as has making decisions with imperfect knowledge. Climate systems in particular are subject to a wide range of natural variability over a wide range of times scales. What’s different now is that the future is more obviously uncertain and changing more rapidly. For example, where once we could use rainfall tables in textbooks for decades, now it seems that every few years there are new projections from the IPCC about large or small changes in our understanding. It’s a dynamic time for making decisions. But this isn’t all bad news. 




Looking forward 




If you’re planning an improvement project and the future is expected to bring larger floods, your return on investment may be quicker than expected. With the expected increases to rare rainfall intensities and the increasing uncertainty, there should be more confidence in investing in solutions to improve the performance of surface water infrastructure. In the same way, you’ll get a faster return on your investment in improving your engineering skills related to climate, hydrology and hydraulics of surface water systems and associated infrastructure design. 




While considering the worst, we hope for the best. The fossil-fuel development emission scenario (SSP5) is based on us continuing the polluting hydrocarbon-based developments of the past. Entura is actively supporting our clients to pursue low emissions developments and more renewable energy for a better future. A best-case scenario is shown in the diagram below as SSP1 (called the sustainability scenario). In this scenario, with 2.6 W/m² radiative forcing, the projection for 2090 would be an increase of 1.7 °C in global temperature over the 1961–90 climate, and only a 14–27 % increase in intense rainfall (for 24 hour and longer to 1 hour and shorter durations respectively).  




To prevent the extreme global temperatures projected to arise from polluting the atmosphere, it’s up to all of us to keep changing for a better future. 
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Figure of projected temperature increases associated with AR6 shared socioeconomic pathways relative to 1961–90 (shaded in grey) and their associated uncertainty (Engineers Australia, 2023)  
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If you’d like to talk with Entura about your water project, contact Phillip Ellerton. 




About the author




Dr Colin Terry is a civil engineer at Entura with three decades of experience in Australia and New Zealand. His experience includes modelling, planning, design and construction support. He has worked on multidisciplinary projects across various parts of the water cycle including catchment management, water supply, hydropower, land development, transport, and water quality in natural systems – with a focus on surface and piped water.




MORE THOUGHT LEADERSHIP ARTICLES

								 
				
				Ten tips for developing your engineering career

				
From Baby Boomers to Gen Alpha, the generation names and characteristics come and go – but despite the changing working styles and preferences of older and younger engineers, some things stay the same. Developing good engineers still calls for many elements that have shaped countless careers over time: people who were willing to share their knowledge and experience, opportunities to develop and refine the engineering craft, and mentors to support us, believe in us and help us make the next step.




I’ve been reflecting on these dynamics at this senior point in my 34-year career – and I’d like to share some tips to help set younger engineers on a path towards achieving a satisfying, successful career.
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Tip #1 – Never stop learning




Graduating with a formal engineering qualification is only the first milestone in your learning. Explore whether there are postgraduate courses that can help you grow and open up opportunities that interest you. It isn’t easy to balance postgrad studies with work – let alone with the family responsibilities that many people experience in their early/mid adulthood. You’ll need to think carefully about how much time you can devote – and how to maintain a healthy work/study/life balance.




Also look at what your workplace can offer in terms of internal programs, such as broad-based leadership programs. An industry body will often offer short courses and will also provide networking opportunities where you can learn from other people – so join a professional association. Beyond formal courses, you can use your development plan to your advantage by identifying areas that interest you and seeking variety in the kinds of tasks and projects you are assigned.




Whatever career stage you’ve reached, stay interested, interact, and keep asking questions. It’s a great antidote to becoming a ‘know it all’ or getting stuck in a rut! At the end of each year, ask yourself, ‘What have I learnt that’s new?’ If you can’t think of anything, then maybe you’re playing it too safe and it’s time to change things up a bit.




Tip #2 – Seek mentors




Mentors – whether formal or informal – can give you technical insights and can also help guide your broader professional journey. Use mentors to extend your learning beyond your allocated tasks, such as how to be a good consultant, or just broaden your understanding. Think broadly about who you could seek out as mentors along your career journey. For example, some of the members of independent review panels have become de facto mentors to me. Value your mentors, and try to give something back or pay it forward to the next young engineer.




Tip #3 – Pursue breadth as well as depth




Breadth is as important as depth. Try to achieve more breadth before you specialise, because breadth will make you a better expert (where you have depth) and extend your value as a consultant. For me, experience in designing and constructing dams and hydropower as well as stints in hydrology and modelling gave me a more holistic understanding of dam projects. Try to get some experience in other related disciplines, so you are better placed to manage multi-disciplined projects; and get some construction experience so you can see how your designs translate on the ground.




The value of broad experience is evident in the 16 competencies set out by Engineers Australia for ‘Chartered Engineer’ status. Use them to work towards becoming chartered – a target that every engineer should strive for.




Tip #4 – Seize opportunities




Only you can act to take the opportunities that emerge in your career, to make the most of them, and to learn from them. If you think too long, the opportunity may disappear or someone else may seize it. This will sometimes require sacrifices – such as periods away from home, which can be hard – but sometimes a little adversity can really spur your professional and personal development. Opportunities could be a particular project, an opportunity to work with someone you want to learn from, or an interesting career episode in a different place or a different role.




Tip #5 – Take some risks




If someone you respect believes you can do a role on a project, maybe you should too. Stretching yourself will help you develop. Jumping – or being thrown– into the deep end can be a great way to learn, as long as you’re supported so you don’t sink. Talk to your mentors and managers about how they can support you to thrive rather than flail. Remember that mistakes and failures are not the end – they are excellent stimulus for learning, and you certainly won’t be the first to experience them.




Tip #6 – Be strategic




Your employer’s responsibility is to create an environment in which you are able to develop, but ultimately your career is your responsibility. What do you need to learn or achieve in order to get where you want to end up? How can you position yourself so that you’re ready when opportunities emerge? For me, this was the need to have a Masters degree to take on team leader roles on bank-funded international projects – which spurred me to return to study. You could use the competencies for Engineering Chartered status as a benchmark to identify gaps and then work to fill them.




Tip #7 – See things through from start to finish




Look for opportunities to be involved in a project from inception through to commissioning. You will learn a great deal from seeing how the investigations and decisions taken in the design play out in the actual conditions on site as well as the constructability and the performance of the structure. These experiences will shape your expertise, how you operate in the future as an engineer, and the advice you give your future clients. This is equally relevant for other programs of work, seeing the program from a conceptual stage to an operational stage.




Tip #8 – Build your consulting skills




If you want to work in consulting, you need to become more than a technical expert. An ideal consultant needs technical expertise, but also needs to be able to engage effectively with clients, to communicate well (both in writing and orally), to be creative and solve problems, and to manage and deliver projects. These skills are valuable for everyone, regardless of your role. Taking up different roles through your career can also help you see things from different perspectives and become a better consultant. Every experience helps to build the consultant you become.




Tip #9 – Listen to feedback




Even if it’s uncomfortable to receive, seek out feedback and use it constructively to learn more about yourself, your skills and how you interact with others. Everyone has facets in their knowledge, performance and personality that can be enhanced. The more you can see yourself through the eyes of your colleagues, the better you’ll be able to play to your strengths and work on your weaknesses. In the end, many engineering projects require a team to deliver, so if you know your strengths and weaknesses, you can create a balanced team that capitalises on the synergies.




Tip #10 – Remember the circle of life




What goes around comes around. In the early stages of your career, it’s natural to expect support and development. Eventually, as you progress, your expectation should shift to helping develop others. I believe that this cycle should be faster than most people would expect. You don’t need to wait decades. Once you have been doing something for a few years, you can help others, and by doing so you will reinforce your learnings and improve your ability to explain complex technical elements. Developing others will also develop you.




I hope that other Baby Boomers and Generation Xs are inspired by these tips to reflect on your own experiences, share your recipes for success, and look out for where you can help others grow. It’s in all of our interests for the engineering profession to thrive.




Head to our careers page for current opportunities at Entura.




About the author




Richard Herweynen is Entura’s Technical Director, Water. He has more than three decades of experience in dam and hydropower engineering, and has worked throughout the Indo-Pacific region on both dam and hydropower projects, covering all aspects including investigations, feasibility studies, detailed design, construction liaison, operation and maintenance and risk assessment for both new and existing projects. Richard has been part of a number of recent expert review panels for major water projects. He participated in the ANCOLD working group for concrete gravity dams and was the Chairman of the ICOLD technical committee on engineering activities in the planning process for water resources projects. Richard has won many engineering excellence and innovation awards (including Engineers Australia’s Professional Engineer of the Year 2012 – Tasmanian Division), and has published more than 30 technical papers on dam engineering.




MORE THOUGHT LEADERSHIP ARTICLES

								 
				
				Breathing new life into Australia’s aging wind farms

				
The wind industry, well-established in Europe for decades, took baby steps onto Australian soil in the late 1980s and 1990s. By the early 2000s, Australia’s new wind industry was ready to take off. Given that wind farms usually have a design life of anywhere between 15 and 30 years, our earliest wind farms are now reaching retirement age. The industry therefore faces a new set of challenges. Can these older wind farms continue to serve their important role in Australia’s clean energy transition or are they at their end of life?
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So far, few wind farms in Australia have been decommissioned, dismantled and removed from the land. With many of our older wind farms sited to capture the best wind resources, there’s every reason to try to continue using these sites to harness wind energy.




One option is to squeeze more years out of the wind farm through effective maintenance and supportive analysis to ensure it is safe to do so while accepting that there may be increasingly frequent outages and increased maintenance costs to keep the wind turbines in service. However, although operation beyond the nominal life of a wind turbine is theoretically feasible, old wind turbines can’t keep spinning forever and will need to be stopped at some stage.




Other options for aging wind farms are refurbishment of some parts of the turbines, or full ‘repowering’ with completely new machines. This could also include a full redesign to accommodate larger turbines or to incorporate solar or battery energy storage systems.




An example of rejuvenation




Small grids may be some of the first to need to consider what to do about old wind farms. As an example, Hydro Tasmania’s Huxley Hill Wind Farm on King Island has three 250 kW wind turbines that were installed in 1998, and two 850 kW wind turbines that were installed in 2003.




For Huxley Hill Wind Farm, the King Island electricity load has not changed much over time, and offsetting diesel using renewable energy continues to make perfect sense.




For this site, the owner opted for a like-for-like replacement of nacelles (generator, gearbox, yaw system) of the Nordex 3 x N29 250 kW and potentially for the 2 x Vestas V52 850 kW wind turbines. This decision was partly about the good economics and sustainability of reusing existing infrastructure, and also because wind turbines of this size continue to suit the project so well.




When the wind farm was constructed 20+ years ago, the installed wind turbines were considered modern, large wind turbines. These days, the same suppliers do not offer anything less than 2 MW in capacity, with rotor diameters greater than 110 m. The lack of availability of what are now considered smaller wind turbines (say 1 MW) poses challenges for some small projects. At the scale of less than 1 MW, there are now few proven wind turbine options. At an even smaller scale (<100 kW), solar PV now dominates.




When any existing infrastructure is to be retained to support life extension of old wind turbines, such as at Huxley Hill, it’s crucial to confirm that it is still suitable and safe. This can include various techniques and activities, including:




	physical inspection by technicians and engineers
	excavation of the foundation backfill cover to reveal the tower-foundation joint and inspect corrosion and remediation
	surveying the tower and blade condition using drones
	surveying the tower verticality
	surveying the thickness of tower sections
	ultrasonic testing of bolts
	eddy current testing of welds to detect any flaws
	reviewing data from the turbines to refresh understanding of the actual wind regime, reassess fatigue loads and estimate remaining life.





Another important consideration when rejuvenating older wind farms is to consider the potential for adding solar or battery energy storage. With solar now more viable than when Huxley Hill Wind Farm was conceived, a 1.5 MW solar farm has been added to augment the wind generation.




Starting over with full repowering




Because the Australian wind industry is still relatively young, there is not yet an established practice or precedents for full repowering. However, in Europe, hundreds of wind farms have been repowered, often massively increasing output by using fewer but much larger modern turbines.




Repowering at around 25 years seems the most likely timeframe for most Australian wind farms – but few have yet reached this age. Ultimately, market factors will determine when repowering provides the best financial return.




Even though we’re still just on the brink of Australia’s repowering journey, it’s never too early to start considering the complexities and implications and assessing all options.




Repowering won’t be simple or quick. The development process for repowering NEM-connected wind farms is likely to be just as challenging as developing a new wind farm on a greenfield site.




The concept of ‘repowering’ involves a range of options for replacing old wind turbines and associated footings and electrical balance of plant with new, but it’s unlikely that much of the existing infrastructure and balance of plant will be able to retained if larger, modern turbines are selected. The layout of the wind farm is also likely to need revision to accommodate longer blades.




Planning approvals need to start just as early, as should the process of renegotiating with hosts, neighbours and communities. People may be concerned about the impacts of much taller turbines and the logistical issues of getting them to the site, as well as arrangements for the dismantling, removal and disposal of the superseded technology and infrastructure.




Repowering with bigger and more powerful turbines is also likely to involve re-permitting and negotiating a new grid connection agreement – neither of which are certain, given the cumulative impacts that may have emerged over time and any changes to rules and regulations since the wind farm was first developed.




By planning early for repowering, developers can get ahead on these issues as well as on condition assessment of the assets, decommissioning plans for old turbines, new studies that might be needed (such as bird monitoring), and new wind measurements for taller, modern wind turbines, perhaps using modern wind measurement technology such as lidar.




While some repowered wind farms will very likely incorporate new battery energy storage systems (BESS), they are less likely to deploy large-scale solar as a default, given that many of the best original wind sites in Australia are coastal or hilly, particular those in the south of the country. Nevertheless, the potential for co-located renewable generation, storage and loads is worth exploring. 




Don’t wait for trouble – start planning now




We suggest that wind farm owners take action now to deepen their understanding of the condition and present value of their assets, and explore the full range of short-term and long-term options available through a feasibility and options study. After all, in such a dynamic market and technology landscape, and with the potential for aging assets to deteriorate or fail, decisions about end of life may need to be made earlier than expected.




About the author




Andrew Wright is Entura’s Senior Principal, Renewables and Energy Storage. He has more than 20 years of experience in the renewable energy sector spanning resource assessment, site identification, equipment selection (wind and solar), development of technical documentation and contractual agreements, operational assessments and owner’s/lender’s engineering services. Andrew has worked closely with Entura’s key clients and wind farm operators on operational projects, including analysing wind turbine performance data to identify reasons for wind farm underperformance and for estimates of long-term energy output. He has an in-depth understanding of the energy industry in Australia, while his international consulting experience includes New Zealand, China, India, Bhutan, Sri Lanka, the Philippines and Micronesia.




MORE THOUGHT LEADERSHIP ARTICLES

								 
				
				Designing dams for an uncertain climate future

				
Dams are critical infrastructure for water supply, irrigation, energy production, flood protection, or multiple purposes. They are usually designed to last at least 100 years, yet with good maintenance and appropriate dam safety practices, dams can continue to perform as designed for centuries. But what about climate change? The circumstances in which a dam operates may be very different in the coming decades – and exactly how these changes will play out in different regions is impossible to predict with certainty. 
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Dams are designed to continue to perform safely in extreme events, such as major floods and earthquakes, to avoid the high economic, environmental, and social consequences of dam failure. When the consequence has the potential to be extreme, the flood that the dam will need to be designed for is, in Australia, the ‘Probable Maximum Flood’ (PMF), while in some other parts of the world it is often the 1:10,000 annual exceedance probability (AEP) flood.




But even if standards or guidelines are clear about the ‘return period’ of flood that the dam should be designed for – is it still as simple as reading the magnitude of the flood discharge off the flood frequency curve as has been done in the past? These days, it is not so simple. 




Exploring the inherent uncertainty in the flood frequency curve




Part of the reason for more complexity is that we have greater computing power today to be able to explore the uncertainty in our flood frequency curve.  Predicting extreme flood events (such as the PMF) is not an exact science and involves many variables which are often not well characterised. As a result, there is significant uncertainty in predicting floods, particularly extreme floods. If this uncertainty is presented, the flood frequency curve is no longer a single line but a band. The more extreme the flood event, the wider the uncertainty band. Although the flood frequency curve shown below is fitted directly to measured flow data, the uncertainty bounds are similar regardless of the approaches implemented to derive the flood frequency curves.




[image: ]Figure 1: Flood frequency curve fitted to 50 years of measured flow data



So, what flood should the dam be designed for? Should it be the median best estimate, or should it take into account some of the uncertainty? This is the first challenge, and it is there whether we consider climate change or not.




Adding the extra uncertainty of climate change




Climate change doesn’t stand still. This adds even more complexity to the flood prediction challenge. What is the impact of climate change on extreme events now, and what will it be as time goes by? Numerous studies of climate change impacts suggest that there will be greater variability in extreme temperatures and extreme rainfall, and that extreme events may become more frequent. As a result, the magnitude of extreme flood events, for which dams must be designed, will likely increase with time.




Changes in the magnitude or frequency of extreme floods will depend on projections of future temperature, emission scenarios and the models used to simulate the changes. Even with a ‘middle of the road’ emission scenario (such as the IPCC’s SSP2–4.5 scenario) that results in a median global temperature increase of 3 °C (compared to preindustrial temperature baseline) by the end of this century, there could be a 23% increase in 24-hour extreme rainfall depth. But this is only one of the scenarios; some are more extreme, some show less increase, some show more. The increase is greater for higher emission scenarios and for shorter duration storms. Ultimately, an increase in rainfall depths results in an increase in flood magnitudes.




Guidance on climate uncertainty in dam design is limited




Currently, most standards and guidance documents are silent on how climate change should be applied in the design of spillway capacities for dams to safely pass these extreme flood events. However, the International Commission on Large Dams (ICOLD) Bulletin 142 on the Safe Passage of Extreme Floods (2012) indicates that there is uncertainty associated with the resulting flood estimates because of uncertainties in the hydrometeorological data used in determining the design flood. In addition, there may be changes in future methods for the development of design floods, changes in the future condition of the catchment (e.g. due to deforestation), and changes in rainfall conditions due to climate change. All of these have the potential to increase the magnitude of the future design flood.




This 2012 bulletin encourages strategies for planning spillway arrangements with consideration of floods exceeding the design flood (i.e. checking the robustness of the spillway flood design capacity from a dam safety risk perspective). This demonstrates that more than a decade ago the international dam engineering community was already promoting consideration of climate change resilience when designing new dams and upgrades of existing dams.




The more recent ICOLD Bulletin 170 on Flood Evaluation and Dam Safety (2018) states that although projected changes in climate are generally expected to increase flood risk in many parts of the world, understanding the impact on flood risk is subject to considerable uncertainty. It states that one of the main impacts of climate change will be to increase the uncertainty associated with the estimation of extreme floods.




There are tools available now that can be used to look at climate change impacts on extreme rainfall events, mainly around changing rainfall inputs to rainfall–runoff models based on climate advice, or else through using stochastic climate generators. However, this 2018 ICOLD bulletin also warns about complex numerical modelling and the ‘black box effect’ of accepting results without verification or critical consideration. It stresses that the intrinsic hydrological uncertainty will always remain no matter how clever or complex the numerical modelling.




Practical suggestions for dealing with uncertainty




Given that dams are designed for the long-term, it is crucial to consider the uncertainty of floods and the potential impacts of climate change. Climate impacts are being discussed increasingly by dam owners, dam engineers and dam regulators – and guidance on how best to deal with climate change will come eventually. This review article, ‘Climate change impacts on dam safety’, provides a good summary and some thoughts about approaching the issues in a framework based on dam safety risk.




In the meanwhile, we’ve developed some practical suggestions for dealing with intrinsic hydrological uncertainty and the increased uncertainty due to climate change, whether you’re working on new dams or upgrades to existing dams:
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	1. Determine the consequence category for the dam. If this is ‘High’ or ‘Extreme’, take a more conservative view as to the acceptable flood capacity.
	2. Try to quantify the uncertainty, based on current climate conditions, as part of any flood study for a new dam or the updated flood study for an existing dam as part of a dam safety review. The Monte Carlo simulation approach to flood estimation is very useful in this regard.
	3. Consider some of the additional uncertainty due to climate change, based on various future climate change scenarios using GCM modelling for the region in which the dam is located.
	4. Undertake sensitivity assessments for spillways for new dams, or upgrades to spillways on existing dams, based on the uncertainty presented in the extreme flood events.
	5. If the incremental cost increase to the overall project cost is relatively low for increasing the spillway capacity to accommodate climate uncertainty, build resilience into the design as suggested by ICOLD Bulletin 142.
	6. If the incremental cost is significant, apply the ALARP principle for upgrades to existing dams. For new dams, assess the likely benefits and costs in detail using a risk-based framework (and consider suggestion 8 below).
	7. For an existing dam or new dam, consider the opportunity to stage a spillway upgrade such that the dam is made compliant for the current climate scenario with planned future upgrades that allow flexibility to meet future climate scenarios.
	8. Where decisions about designing for climate uncertainty become complex, consider an independent technical review panel to provide appropriate technical governance on a risk-based decision.





If you would like to speak with us about how climate change could affect your new or existing dam, please contact Richard Herweynen or Prafulla Pokhrel.
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				Powering a greener mining future with hybrid renewables

				
This article reflects on a panel discussion chaired by Ray Massie at the Energy and Mines Australia Summit 2023, which you can read more about here.




[image: ]



The discussion about powering mines with renewable energy has moved a long way in a short time. As the imperative to go green has escalated, the mining sector has grown hungrier for viable, rapid and cost-effective strategies to decarbonise, build greater social licence and tap into the competitive market for products with a lower carbon footprint. Integrating cheap, abundant renewable energy into mining operations is the natural solution.




These are exciting times as the sector moves far beyond the ‘why’, ‘whether’ and ‘when’ of renewables – and digs much, much deeper into the nuances of ‘how’.




Early forays into small hybrid off-grid renewable energy systems have demonstrated and built confidence in the technology – so there is no longer any question in the mining industry of whether off-grid hybrid renewable systems will work. Off-grid hybrid projects aren’t small test beds anymore. They’re ground-breaking, large-scale, cutting-edge renewable power systems of the future, able to be deployed on a fully commercial basis with clearly understood risks and operational adjustments. In many ways, the mining sector is out ahead of the pack, and the deployment of renewables on off-grid mine sites is offering lessons for the wider power sector and the future of the grid.




With many of the early technical risks resolved, the driving focus now is how to take full advantage of what a hybrid system can offer. How can the system be optimised to maximise its benefits? What’s the required level of reliability? How much storage is enough – and in what form?




Of course, every mine site is different, so there are no one-size-fits-all answers. And today’s answer may not be the right fit for tomorrow, given the rapid and continuous transformation of the energy landscape – in terms of technology advances, policy shifts, price volatility and global trends. It’s a dynamic space.




Integrated control and storage change the game




Traditionally, the relationship between mining operations and power supply has been a relatively simple transaction requiring a given amount of power with a set level of reliability and availability. The modelling of the power system was based on simple load metrics and power quality dictated by the capabilities of thermal generation plant. This equated to a very simple, flat cost of energy with any variance at the macro scale driven by changes in the price of fuel.




As we all know, when we switch over to multiple intermittent and variable generators, things become more complex. One of the keys to unlocking the benefits of a hybrid renewable system is the integrated control approach. With the correct control philosophy in place, you have many more ‘levers’ that can bring each element into play for a given operational mode or system event. This enables achievement of the levels of power quality and reliability that are needed, rather than being limited to the levels that traditional thermal plant could supply.




With this sophistication of control, we can start to think differently about reliability across the whole mining operation. Does the mining plant process or works need the same reliability or availability across everything all the time? Perhaps, for example, power supply for pumping may not require as high a level of reliability as other more critical areas of the plant. A clear understanding of the true reliability needs will help derive the optimal design at minimal cost.




When storage comes into the mix, we can also start to think differently about how to best match energy supply, timing of energy-intensive activity, and storage of excess energy to get maximum value from the renewable resource and minimise both the cost of energy across the operation overall and the cost per tonne of the mine’s output. The economics of long-duration storage are improving all the time.




New horizons for energy storage




Although the technology and the sector have travelled a long way already, there are still issues to finesse. One area of uncertainty is the optimal and most cost-effective storage technology and duration.




Going back a decade, the economic storage duration was 10 to 20 minutes, using the battery primarily for its discharge capability. Now we are seeing economic storage durations approaching 4 hours, which lend themselves to energy-shifting roles in which the charging capability comes into play as well as the discharge mode. The economics of longer duration storage will continue to improve but the optimum arrangement will vary site by site.




Funding for advancing novel long-duration energy storage (LDES) technologies has increased by 36 times over the past 5 years[1]. While lithium-based batteries still dominate and are likely to continue to do so for the foreseeable future, many more types of storage are now possible, including metal-air, pumped hydro, compressed air, flow batteries, gravity, thermal and various novel chemistries. Some storage technologies require specific topography and geology, for example pumped hydro and large compressed air storage, and others are at varying stages of technical readiness. Flow batteries of various chemistries are experiencing a significant amount of support aimed at breaking through the long-term storage cost barrier, though this is yet to be achieved at scale, and more likely to be competitive at longer durations (>10 hr) and in larger sized systems (>100 MW).




It is clear, however, that finding the best LDES for a mine project is not just for the mining sector to solve alone. The entire global power industry is looking at storage – and the mining sector can take full advantage of this as LDES evolves. What the mining sector can do right now is to identify the energy use and demand side opportunities that various storage durations could unlock for their projects.




Another key learning we have found over years of hybrid system development is that not every bit of energy produced by renewables needs to be stored. Some can be spilt or, better still, adjustments can be made on the load side to better match the variability in generation. Once the system stability, reliability and demand-side opportunities have been addressed, the storage of ‘spill’ really comes down to economics, which will change over time as storage costs decrease.




Collaboration and risk management




With all these new approaches and possibilities – and the many factors that always come into play such as mine life, capital limits and risk – it’s possible to over-analyse. Not every new project needs to break barriers and set new records. There is definitely still a place for choosing the low-hanging fruit, as the primary case for renewable hybrids being cheaper than thermal-only is well established. You will never really be able to answer every question in a single project – or even predict every question that might arise.




This is where you simply don’t have to go it alone. The key to overcoming hesitation is collaboration. Getting the correct advice is always worth the investment, as is sharing learning at an industry-wide level. There are many players that specialise in one or more aspects of the future mix of technology, mining process, hybrid power operation, renewables knowhow, integration skills, commercial thinking and so on – and bringing these skills together is a must.. Collaboration is the key to solving problems, reducing risk and its appropriate allocation, and a successful project that will benefit all industry players more than competition and working in isolation.




We also believe in learning by doing, through delivery of a specific project. Forming a group of key parties to drive forward a tangible project makes it far more manageable. In innovative projects, ‘pushing risk through’ often just comes back as significantly increased cost. A better approach in these cases is a shared risk profile. The learning is a significant part of the return in early adoption.




Are the right people and the right materials available?




The industry is already experiencing a shortage of experienced hybrid system operators. This needs to be managed through increased training and backup. We believe that operational personnel should be engaged very early in the design of a hybrid power system so that they can have input into development of the system, gain familiarity with it, and consequently feel a level of ownership of the assets.




It is also important to have a close relationship between those involved in the mining process and those operating the power system. For the power system operators, this is a chance to better understand the criticality of various mine plant processes; for the mine operators, it’s a chance to get a better understanding of the mix of operation modes that can be used to meet the mine’s changing power needs.




In many ways, the people skills and resources needed across all the project delivery stages (design, deployment, operation, maintenance and support) are more important than the technology – and this needs to be considered carefully for hybrid projects to be successful.




Finally, neither the mining industry nor the energy sector at large will be able to transition to renewables if we don’t have the right minerals and materials on hand to manufacture clean energy technologies such as wind turbines, solar panels and batteries. Having the mining industry supply these resources in a sustainable way is a powerful contribution to the clean energy transition.
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[1] “The long and the short of energy storage tech”, Climate Tech VC (CTVC), March 2023
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				Monitoring tailing dams with unified data visualisation

				
This article is based on a recent presentation by Richard Lindqvist, a data integration specialist with Entura, at the ANCOLD Tailings Dam Operators Forum 2023. Richard describes the need, opportunities and barriers to adoption of advanced monitoring systems.
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Tailings facilities are crucial for preventing any spread of mine tailings into surrounding land and waterways. Some tailings dams are among the largest engineered structures in the world. Like all dams, they must be managed to protect downstream communities and the environment from harm.




The catastrophic collapse of a tailings dam in 2019 in Brazil focused intense global attention on the safety of tailings facilities. In 2020, a new Global Industry Standard on Tailings Management (GISTM) was released.




The global standard emphasises the need for appropriate monitoring of tailings facilities throughout their lifecycle – from design to closure – to aid in the mitigation of risk.




Advanced monitoring systems can assist greatly in meeting and exceeding the requirements of the GISTM. Here we’ll discuss the potential of telemetry, automation and meaningful visualisation of monitoring data – and the benefits that can flow from implementing such a system at your site.




The GISTM sets the context for monitoring




Accurate, meaningful and continual data from monitoring systems forms an important part of a comprehensive and integrated knowledge base, which is a core principle of the GISTM, particularly with respect to Principle 7 of the standard.




Monitoring data is to be assessed at the frequency recommended by the Engineer of Record (EoR). Any conditions exceeding the dam’s critical operating parameter ranges (COPs) must be addressed promptly through trigger action response plans (TARPs) or critical controls.




The COPs are parameters that if exceeded have a real risk of leading to a dam safety incident. Each COP has a TARP. Careful and regular monitoring of COPs can identify early signs of a potential safety issue and allow rapid intervention before the trigger level is reached.




These requirements set the context for monitoring methods, and reinforce the importance of accurate, up-to-date, meaningful information that tells a clear and timely story about the facility’s current state, trends and potential concerns.




New technologies have changed the face of monitoring




As technology has progressed, new opportunities have arisen for monitoring tailings facilities, with enormous benefits in efficiency, immediacy and accuracy. Now, COPs, TARPs and data quality can be assessed in near-real-time using automated processes – enabling efficient and early identification of faults, such as during construction activities. Time spent collecting field data and maintaining systems is minimised, and the saved time can be reallocated to dam inspections and deeper assessment of data trends. End-to-end connectivity allows multiple sources of telemetry data and operational data to feed immediately into a unified and user-friendly visualisation platform, supporting understanding and decision-making. Monitoring data can also feed proactive and predictive maintenance in asset management and operations.




Opportunity abounds, but barriers remain




As with any new standards and systems, there are likely to be some barriers or challenges in moving from a design or concept to reality. In our experience, some common factors include resistance to change, the potentially significant cost to invest in the new technology needed for an efficient and integrated system, and the balance of resourcing between automated versus field data collection and processing. Other common hurdles are integration with existing systems and workflows and the data security and governance standards to be met. Staff training and succession planning can also be a challenge but are essential to maintaining the necessary knowledge base.




None of these challenges are insurmountable – and the effort to overcome them will be repaid by the immense benefits in operational intelligence, efficiency and reliability that advanced, automated, integrated systems can deliver.




A real-life example of an evolving monitoring system




Entura has been on a journey with a large mining client for nearly 15 years, continually improving the facility’s monitoring solutions. Initially, we used our own Ajenti telemetry loggers and Ajenti Data Management System (ADMS) before progressing to the integration of other vendors’ logger data to the ADMS. We are now moving forward in using OSI Pi to integrate a broad array of data sources for our clients, presenting them within an accessible and adaptable visualisation platform.
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Historically, data was retrieved manually from field loggers for processing into spreadsheets and manual analysis of charts. With data retrieval via telemetry, along with automated analysis and visualisation, this time can now be spent reviewing TARP alerts and in-depth assessment of data.




System reliability and robustness has been another key factor in our work with our clients – with improvements such as fit-for-purpose enclosures (316 stainless steel), solar power installation and the ability to assess operational data such as battery voltage and signal strength. This is reducing the physical maintenance needs at monitoring sites and replacement of enclosures or batteries. The focus can now be on routine inspections of dam conditions rather than managing the monitoring network.




Effective record-keeping is essential when managing a large monitoring network. The new system enables a rich knowledge base to be compiled, stored and interrogated. Site metadata and documentation can be hosted on the visualisation platform, including calibration and installation reports, FATs and SATs (factory and site acceptance tests), analysis reports, memos, photos, field observations and general site maintenance requirements. Data from various field note sources (i.e. ArcGIS, fieldmaps, Iauditor and Fulcrum) can be brought into the visualisation system for ease of access and asset management. Electronic field note apps are used on mobile devices so that data can be recorded in the field and synced directly to the system.




We have also added value to the data repository by incorporating other technologies into the integrated system and visualisation interface. These include aerial survey overlays, weather monitoring, soil moisture sensors, camera imagery and operational data – and we are always working with our client to ensure that visualisations are intuitive and easy to interpret.




The visualisation interface provides real-time and trend data for users, and can hone in on individual sensors anywhere across the facility. Faults can be analysed onsite using analysis tools – and offsite using available data trends.




We’ve also worked with our client to provide a secure data ingress pathway for remote equipment, and we’re continuing work on integrating the new system with existing traditional and emerging SCADA systems.




Throughout the long evolution of this monitoring journey, we have continually added new innovations to best serve our client’s needs – and are always looking for new ways to deliver effectively.




Every system needs continuous improvement




The existing system has brought significant benefits to our client’s ability to analyse and visualise the facility’s data. Yet technologies continue to improve and evolve at speed. For our clients, we are now using OSI Pi and Pi-Vision as a primary integration and visualisation tool, and have developed a proof-of-concept for delivering the capabilities of the current system using OSI Pi and Pi-Vision. This will allow greater flexibility to bring on-site data into a single visualisation system – agnostic of the historical databases currently in use.




With the pace of technological advances likely to accelerate, clients and consultants should all stay attuned to new monitoring developments and alert to possibilities for improving their system’s functionality and integration with a broad range of sensors and control systems.




With the right data at the right time coupled with meaningful analysis and user-friendly visualisation, every tailings facility’s management should be better able to make earlier and more informed decisions to reduce risk. 




To find out more about Entura’s data and water management solutions, contact Phillip Ellerton. 
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				India and Australia can support each other’s clean energy journeys

				
The relationship between India and Australia goes far beyond our nations’ mutual love of cricket. We have deep people-to-people connections that have been formed over generations. At the beginning of the 20th century, around 7000 people of Indian descent lived in Australia. Now, Indian-born Australians number more than 750,000 – a number that has doubled over the last decade and continues to grow.
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It’s natural that our two countries should have a strong relationship across many domains. We have strong strategic and political ties, and our economic engagement opportunities are massive. This will be strengthened even further with the Australia-India Economic Cooperation and Trade Agreement.




In a sign of the deepening India–Australia relationship, in 2023 Australia’s Prime Minister Anthony Albanese and India’s Prime Minister Narendra Modi have shared senior bilateral visits both in India and in Australia. One of the major themes in these meetings has been the potential for the two nations to support each other’s journeys towards a clean energy transition and net zero targets.




Building clean energy connections




I’ve been privileged to be involved in furthering the Australia–India relationship as a member of the Australian Senior Business Delegation to India and a subsequent Roundtable with business leaders in Sydney. During these meetings, I spoke about the potential our nations have, despite our radically different sizes, to work together to overcome challenges in our renewable energy sectors. I put forward the idea of a joint renewable energy council, which was well received. I am now on the Australia India CEO Forum’s Energy, Resources, Net Zero and Critical Minerals Joint Working Group, which had its first meeting this month. And this week, Entura has welcomed a visit from the High Commissioner of India to Australia, Manpreet Vohra, at our Hobart offices.




[image: ]The Roundtable attendees, including Indian Prime Minister Narendra Modi (front middle), Australian Minister of Foreign Affairs, Senator the Hon. Penny Wong (middle left), and Entura’s Managing Director Tammy Chu (far right, second row).



These opportunities have been realised after forging relationships with government officials across Australia and India over many years – and having maintained an Entura presence in India for more than 17 years with our highly skilled team based in New Delhi. Entura is a leader in the renewable energy industry and at present is the only Australia-based, government-owned business operating in the sector in India.




Entura is an excellent example of how Australia and India can support each other towards our clean energy goals. With India committed to net zero by 2070 and with 60% of its current energy production coming from coal, there are huge decarbonisation moves underway, including plans for 500 GW of renewable energy by 2030. Renewable electricity is growing at a faster rate in India than in any other major economy. Electricity demand is expected to double over the next decade and the share of wind, solar, hydropower, batteries and pumped hydro will lift as a proportion of the mix.




For Entura’s clients in India, we bring deep hydropower and pumped hydro capability and significant expertise in hybrid renewables systems, integrating distributed energy resources, resolving transmission challenges, and delivering bespoke, tailored training and capacity building through the Entura clean energy and water institute, with a particular focus on dam safety. For our projects in Australia, our India team brings a wealth of talent and a boost to capacity. They also have the local knowledge and connections that go a long way towards our success in clean energy and water projects across South Asia and South-east Asia.




Building on Entura’s long engagement with India, and from my involvement with the International Hydropower Association, I see the following areas as particularly important for our nations to focus on for mutual benefit in the energy transition.




1 Diversifying supply chains in critical minerals and renewable energy technologies




As both countries strive to achieve ambitious renewable energy targets, we will need to develop more diverse and resilient supply chains. The extraction and processing of critical minerals will be an essential area for cooperation. Mechanisms such as The India–Australia Critical Minerals Research Partnership and India–Australia Critical Minerals Investment Partnership will integrate Indian scientific, industry and government partners with CSIRO’s developing Critical Energy Metals Mission. This holds great potential to strengthen supply chains, add value to Australian exports, and support the commercialisation of critical minerals technology.




Another crucial factor in the success of Australia’s renewables, green hydrogen and green steel ambitions is the availability of components such as solar PV panels, batteries, electrolysers and electrical componentry. India is a powerhouse of manufacturing capability and could become a major supplier of these essentials to support Australia’s build-out of renewables. The announced joint taskforce on solar and the initiatives underway to collaborate on green hydrogen and green steel are encouraging developments.




2 People power and knowledge-sharing




Developing a skilled workforce, ready to take up the jobs of the future, is a make-or-break factor for the clean energy transition. As Entura has experienced, India has a deep pool of technical talent in renewable energy and a rising skilled workforce. To put it in context, India has over 1000 universities and some estimates suggest that these institutions are producing more than 1 million engineering graduates per year.




Australian businesses such as Entura benefit from having access to this talent – especially facing escalating skills and resources shortages in Australia – and we’ve found that with the right tools, methods and attitudes, our people across Australia and India can work seamlessly together in integrated teams, leveraging each other’s strengths on projects throughout the Indo-Pacific. Our India team adds diversity and capacity to our business – with the added bonus of optimising project delivery across time zones. We also benefit from the ability to build greater understanding of local conditions and regulations in India, and to forge strong networks and partnerships in the region.




Over the years, we’ve identified that despite the size of the potential renewable energy workforce, India still seeks greater skills development and expertise in hydropower, dam safety and the integration of renewable energy technologies. Entura’s clean energy and water institute (ECEWI) is a model of how long-term experience of developing and maintaining renewable energy assets, which we’ve gained through Tasmania’s century-long hydropower journey, can be shared across the world to build skills and capacity that extend far beyond the theoretical or academic.




Through ECEWI, we’ve delivered successful exchange programs, training workshops, and capacity-building initiatives in India, including dam safety training for India’s Central Water Commission as part of its Dam Rehabilitation and Improvement Project (DRIP) – and we’re now supporting the South Asia Regional Infrastructure Connectivity Framework (an initiative of the Australian Department of Foreign Affairs and Trade) by providing capability development on dam safety and cross-border power markets.




3 Innovation and best practice




There is enormous scope for Australia and India to work together to drive innovation in clean energy technologies and to share best practices and solutions. Many initiatives are already underway, drawing on Australia’s advanced technical expertise in solar and wind farms, energy storage solutions, and grid integration projects. For example, Entura is applying experience in India that we’ve gained in world-leading projects in Australia – such as our understanding of offgrid hybrid renewables systems gained from powering the Bass Strait islands, and the work our teams have led to identify and progress the first new pumped hydropower opportunities in Australia for decades in Tasmania and in Queensland.




As developers conduct concept studies and seek to secure licences for renewable projects, sharing international expertise such as ours will be an advantage. We are already applying our pumped hydro screening processes to identify new opportunities in India, and looking at the potential for repurposing disused mine sites for new renewable energy projects, as we are doing at the former Kidston gold mine in Queensland. We’re also applying our knowledge of repowering existing wind and solar farms in the quest for economical and sustainable approaches to boost electricity generation.




This brings me to another key area in which Australia can help to support a ‘fair’ clean energy transition in India. Australia has some of the strongest environmental and social requirements for clean energy projects in the world, and we’ve learned a lot about sustainability along the way. Entura has long been an advocate for sustainable projects conducted with integrity. In fact, I’ve just returned from the International Hydropower Association’s world congress, which reinforced this theme, announcing a new Hydropower Sustainability Alliance and the Bali Statement of Powering Sustainable Growth. Businesses like Entura can foster a fairer clean energy transition in India by promoting high standards of sustainability in all the projects in which we participate and the training we deliver.




Working together on the three factors I’ve discussed here will help build greater success, resilience and sustainability in all areas of the renewable energy transition. Lowering emissions in the global energy sector is an enormous and daunting endeavour that can’t be solved without international collaboration. But we’re at a very exciting point in the journey. We look forward to continuing the close and mutually beneficial relationship between our nations. Accelerating the global clean energy transition is the most important legacy we can leave today’s communities, future generations, and this planet we all share.
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				Who will develop and build our clean energy future – and what will it cost?

				
I have just ‘returned’ from the World Wind Energy Conference 2023, held just down the road from Entura’s Hobart office. At the conference there was an overwhelming sense that the energy transition from fossil fuels to renewables is well underway and the era of coal-fired power generation is coming to a close.




This has been reflected in the Australian Energy Market Operator’s most recent roadmap (the 2022 Integrated System Plan) which shows the need for a phenomenal increase in energy storage (batteries and pumped hydro), wind and solar generation. AEMO estimates that, by 2050, storage will need to increase by a factor of 30 (from 2 GW now to 61 GW in 2050), and that grid-scale solar and wind will need to increase 9 fold (from 16 GW now to 141 GW in 2050). Take a look at AEMO’s infographic which makes the scale of the energy transition challenge very clear.




This generational change offers many opportunities and challenges for the industry and the wider community. But technical challenges aside, the huge scale of what is needed has me pondering two non-technical questions: who exactly is going to develop and build so many projects, and what will it cost?




Who is going to do the work?




Regarding my first question, I think of the varied background of my colleagues and imagine where the next generation of engineers might come from. At Entura, we have renewable energy experts including an electrician turned civil engineer turned renewable energy engineer who is now pursuing his passion for battery projects and electric vehicles. We have a former manufacturing engineer, now with 15 years of experience as a wind engineer. We have an expert on space tether dynamics, now one of Australia’s most respected solar and battery experts. And we have an electrical engineer from the oil and gas industry who is now helping design and commission hybrid energy systems from outback Australia to Antarctica. The common thread is that we work with people who were willing to change track and pursue what they believe to be the new right course of action.




[image: ]Members of Entura’s Primary & Transmission Engineering Team at Woolnorth Wind Farm, Tasmania. 



For renewables to achieve the necessary growth, we are going to need people from diverse technical and cultural backgrounds. Those of us in leadership positions need to be willing to employ new graduates and support people who may initially lack specific experience but will in short time become valuable contributors.




At the conference, Kane Thornton (Chief Executive of the Clean Energy Council) called on leaders in the industry to put aside their own propensity to try to carry the load, and instead focus on developing new leaders as a priority. With such ambitious targets for new renewable energy, this is the right, future-oriented approach. We all have a part to play, and the theme of the conference, ‘Symphony of the Renewables’, points to a collaborative, industry-wide approach rather than a zero-sum project-vs-project approach.




What will it cost?




On the question of cost, CSIRO (in collaboration with AEMO) issues an annual estimate of the cost of different forms of energy generation (GenCost: annual electricity cost estimates for Australia – CSIRO). This study suggests (with evidence) that wind and solar backed by storage technologies will be the cheapest way to replace coal-fired plants and meet new demand as our country grows.




This is worth celebrating, but the industry must also prepare society for the large expenditures needed to rebuild our energy system, and the cost increases that consumers may sometimes see in their energy bills. While wind and solar are comparatively less expensive than new coal, gas or nuclear, it will not be cheap to achieve the necessary build-out of wind, solar and energy storage that will takes us towards 100% renewable energy. By design, this system will have some infrastructure that will be idle during times of plentiful wind or sun but is vital to the security and resilience of the system overall. This will be a challenging feature of the system to communicate to people who might see in any given year an increase in their household electricity bill.




The overall message needs to be communicated, repeated and reinforced – that this is a once-in-a-lifetime rebuilding of our electricity system into something that is more reliable than we currently have, ready for the future, and cleaner and better for our towns and communities and the wider world.




If you would like to find out more about how Entura can help you optimise your wind farm, develop an asset management strategy, or support you with due diligence services for proposed or operational projects, contact Patrick Pease or Silke Schwartz on +61 407 886 872.
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				A fast and fair energy transition demands a skilled, diverse workforce

				
The clean energy transition is set to create millions of new renewable energy jobs worldwide. It will, however, also bring major change for workers and communities who currently depend on carbon-intensive industries.




This leads to two major challenges:




	how can the clean energy sector find enough skilled workers to enable the mammoth task ahead of us?
	how can we make sure that no one is left behind so that the transition is both fast and fair?





These are enormous questions for the clean energy sector as a whole, not for hydropower alone. All players in the sector need to own our part of the challenge and act urgently to find and implement the solutions that are right for us.
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At the recent International Hydropower Association Congress in Bali, I facilitated a panel discussion on these issues. With hydropower globally already experiencing staffing and skills challenges, our panellists agreed that the sector needs to plan and act now on at least five fronts:




1 Retaining organisational knowledge




The sector will need a strong focus on knowledge transfer, especially as talented and deeply experienced professionals retire from the industry. It’s estimated that as much as 25% of the hydropower workforce will reach retirement in the next decade, taking their knowledge and skills with them.




2 Attracting and retaining a skilled workforce




All clean energy technologies will be competing for talent as the energy transition accelerates towards 2050 net zero targets. Hydropower will need to consider how to remain competitive in this tight employment market. The fact that hydropower plants are often located in remote areas can be a barrier to some people. Scholarships, subsidies and payment levels may help to offset some of the barriers, as will creating supportive, flexible and safe workplaces with attractive terms of employment.




There’s also a need to ensure, and promote, hydropower’s environmental and social sustainability, as more and more workers are increasingly motivated by purpose, values, integrity and sustainability. It’s important that we demonstrate how a career in hydropower can be enormously fulfilling, with so many opportunities to make a meaningful difference to society and a sustainable future.




Another important consideration is that we’re not talking about engineers and electricians alone, although priming the pipeline of STEM students and apprentices is particularly urgent in these areas. We’ll also need a vast range of other professionals, with skills in finance, law, project management, people management, IT, environmental science, planning, community engagement and more. Workforce planning needs to take these role into account.




3 Activating a range of options for skills development and training




We will need to ensure that we’ve got the right mix of different training options available – from formal tertiary and vocational training, through to customised and on-the-job training (such as the skills and capacity development that Entura’s clean energy and water institute provides) and less formalised upskilling. The next seven years will be critical here, so that the workforce is ready as we hit the major escalation of clean projects in the race towards 2050.




4 Mapping opportunities in the sector to support a ‘just transition’




What can we do to find mutually beneficial opportunities for workers and communities affected by changes in carbon-intensive industries? The transition to clean energy industries isn’t necessarily a straightforward switch for workers (for example, are the jobs of the right quality, in the right places, and at the right time?) – but could hydropower be an option for some? How can we support displaced workers to adapt to the jobs of the future? To drive policy, countries need to move quickly to analyse their current and future workforce capacity and needs, and their transition challenges and opportunities – as Australia is doing. Take a look at the recent report from Jobs and Skills Australia, The Clean Energy Generation: Workforce needs for a net zero economyand, to see what’s happening in this space around the world, read the International Energy Agency report on Skills Development and Inclusivity for Clean Energy Transitions.




5 Maximising women’s participation in the sector




It’s well recognised that women are still underrepresented in engineering, in the overall clean energy workforce, and in hydropower. The gender gap becomes larger at senior and managerial levels. Women also leave the hydropower sector more often than men (whether that’s changing sectors, changing companies, or leaving the workforce altogether). As I’ve said many times before, our industry simply cannot afford to miss out on the talent of half the population. We need greater action to maximise opportunities for women and other underrepresented groups in the hydropower workforce and access the widest pool of diverse talent.




So what can we do about this? We can:




	address the ‘pipeline problem’ – by raising the profile of STEM as a path for schoolgirls/ university students / apprentices
	create incentives to attract women into the industry (e.g. scholarships)
	ensure unbiased recruitment approaches
	adopt flexible, supportive and equitable workplace strategies to help attract and retain women in the industry, particularly women balancing caring responsibilities
	ensure that hydropower workplaces are secure and safe for women with appropriate facilities
	fix the pay gap
	create opportunities for networking and mentoring to encourage career progression and industry retention
	ensure that women are encouraged to apply for senior positions, and that women in senior roles are visible role models for others
	involve men in understanding and remediating existing gender barriers – a particularly powerful action, as identified in the recent World Bank report on gender equality in the hydropower sector
	think, talk and act on gender issues every day, not only on International Women’s Day!





In short, there’s no lack of action we can take to make the hydropower sector more inclusive and diverse, even if those actions look a little different or take more time in different regions. The most important thing is to move forward.I strongly recommend that you read Power with Full Force: Getting to Gender Equality in the Hydropower Sector, which has just been released by the World Bank. It’s a powerful study of these issues, and, for me particularly, a strong reminder that the conditions we might take for granted in countries like Australia, such as paid parental leave and anti-discrimination laws, are not enjoyed by all women in the global hydropower sector, particularly in developing countries.




Clearly, to secure the next-generation workforce needed to deliver the renaissance in hydropower, we’ll need to work together to tackle the challenges and make the most of the opportunities ahead. None of the five actions I’ve listed in this article are surprising and none are merely a ‘nice to have’ – they are all essential and urgent.




Talking about these issues at global conferences is important, but it’s not enough. Now is the time for meaningful and urgent action to turn observations into actions and intentions into results.




We would like to acknowledge the panel participants: Kate Lazarus, ESG Advisor – IFC, Martin Stottele, Team Leader of RESD (Renewable Energy Skills Development, Indonesia) Programme, and Josef Ullmer, Director Andritz Hydro, Andritz.




Click here for more information about the Entura clean energy and water institute. For more information on our work in sustainability and planning, please get in touch. 




About the author




Tammy Chu is the Managing Director of Entura, one of the world’s most experienced specialist power and water consulting firms. She is responsible for Entura’s business strategy, performance and services to clients, and is part of Hydro Tasmania’s Leadership Group. As a civil engineer, Tammy specialised in the design and construction of mini-hydro and hydropower systems, project management, hydropower investigations, prefeasibility and feasibility studies, environmental assessments and approvals, resource investigations and resource water management. Tammy is a member of the Board of the International Hydropower Association. She was the first female and now past president of the Tasmanian Division of Engineers Australia, and was an Engineers Australia National Congress representative.




MORE THOUGHT LEADERSHIP ARTICLES

								 
				
				What is the best way to model complex water structures?

				
Understanding the behaviour of water as it flows in natural and constructed environments is fundamental to designing and managing many civil assets, and integral to reducing risk and cost in water infrastructure projects.




Water is such an intrinsic part of our lives that we all have a good observational understanding of what water is and what it does in many everyday situations, like falling from a tap or spiralling down a plug hole. But our intuition can only take us so far. When engineers design important infrastructure such as dam spillways, or inlets to pump stations, or need to understand issues such as fish passage for a low weir, they need to turn water into numbers and quantify its behaviour. Being able to quantify complex water flow is one way engineers can better understand the world and make a difference.




Modelling options




When water flow is complex and a deeper understanding of its behaviour is required, the two main options to help improve this understanding are physical scale models and computational fluid dynamic (CFD) models. But when should one be used over the other?





[image: ]Two views of a sink draining vortex, modelled with CFD









Physical scale models are created and used in a research laboratory, whereas CFD models are created using software and run on fast computers. Here ‘scale’ means the physical models are built at some fraction of the item of interest’s size. Historically, physical scale models have been the gold standard for helping understand complex water flow, but that’s not always the case now. Both methods have a place, and they can complement each other.




It’s generally better to use more advanced modelling techniques early in a project to better guide the design process or understand an existing system.




Has CFD killed the physical scale model star?




Knowledge about the physics of water flow has developed from centuries of physical observation with experiments run in hydraulics laboratories and the field, combined with theoretical calculations. Advances in computing performance in the last few decades have allowed these theoretical calculations to be solved in finer detail and with greater accuracy. But does this mean the end of physical scale modelling testing, in particular as computing power is growing faster than the number of research laboratories? Not for a while.




Even with advanced, powerful computing systems, the outputs of CFD software tools still need to be validated against physical measurements. For the physical scale of the civil engineering problems being solved (e.g. a dam spillway), the CFD models approximate the theoretical calculations, and these approximations need to be validated. Some water flow problems are dominated by well-defined forces, such as gravity, and these problems are easier to validate. But other problems are dominated by turbulence and multiphase flow, and these are harder to validate as the phenomena are more complex.









A note on turbulence and multiphase flow

Turbulence is the irregular fluctuations and swirls in a fluid, often too small to see, that dissipate a fluid’s energy, ending up as heat. Most fluid flow related to civil engineering is turbulent. Flow without turbulence is called laminar flow. For water, laminar flow looks glassy.




Multiphase flow involves combinations of fluids or a fluid in different phases, such as air and water (respectively a gas and a liquid at room temperature). In civil engineering, multiphase flow is found in the bulking of aerated water in a spillway or within a hydraulic jump in an open channel.












In the aerospace and car industries, where the fluid of interest is air rather than water, a designer uses a combination of wind tunnel testing and CFD modelling to better understand the performance of a design. Small parts can be simulated in CFD with minimal approximations using direct numerical simulation (DNS) of turbulence. But for a full car and even more so for a large commercial aeroplane, it’s currently cost-prohibitive to only use DNS (e.g. millions of dollars per run), and some level of wind tunnel testing is still required. This is combined with non-DNS modelling CFD methods.




It’s similar in civil engineering. There are different physical sizes, stages of a project timeline, costs, and risks of getting the answer wrong. These drive the balance between CFD and physical scale model testing. Most work, in particular at a concept level, is done with CFD, but physical scale modelling is still recommended for critical infrastructure prior to construction.




A matter of scale




The size of most civil engineering infrastructure – such as spillways, rivers and large stormwater culverts – make it impractical to use DNS of turbulence (based on cost and timing).




Both physical scale models and CFD can be time-consuming tools to use, and for various projects it’s better to use one before the other. For the design of fish passages and recreational water systems (such as whitewater kayaking), doing small-scale, rough physical scale modelling can be efficient for design development of concepts. This is because designers can move 3D-printed shapes around in a hydraulic flume, and see and feel the direct impact on changes to the design. This is a very complex problem with few industry guidelines and without the same body of research as other civil engineering problems, such as dam spillways and energy dissipation.







[image: ]A moment in time with water overflowing a large dam spillway, and the surface coloured by velocity (red is fast, blue is slow), modelled in CFD








[image: ]Photograph of a water flowing in a scale model of a spillway, with some water surfaces drawn in colour on the left of the image for different flows








Where there is a large body of knowledge on a topic, standard designs provide a starting point. Then, it’s often efficient to start with hand calculations or a concept-level CFD model. These calculations may lead to more detailed design, modifications of standard designs with detailed CFD modelling, and then, potentially, physical scale model testing. There are always iterations, and sometimes the CFD modelling can be used to inform the design of a physical scale model testing setup, and vice versa. CFD modelling is also faster and can more easily be used for design optimisation compared to physical modelling.




In some cases, using CFD alone is possible, particularly where there is a solid body of knowledge about a piece of infrastructure. The temptation is to use CFD more and more, as it can often be lower in cost. It is also important to note that physical scale model testing has its limitations. So there are cases where CFD modelling can provide more insight at a lower cost.




With physical scale model testing, the key limitation is in its name. The model is built at a much smaller scale than the feature being modelled – just a fraction of the expected final design or existing system size. Typically a coarse model of a dam or spillway may have a 1 in 200 scale, and a good one may be at a 1 in 50 scale. A 1 in 50 scale model of a spillway that was going to be 100 m high when finally constructed would need to be 2 m high as a model. This is okay for pure water models, but for aerated flow the ideal scale is closer to 1 in 10. So if aerated flow was important in that 100 m high spillway, then the model would be 10 m high. At that size it would not fit in a normal hydraulics laboratory and would be very expensive to build. So, typically, a compromise is made and a 1 in 30 model is constructed. The reason scale is important is that water behaves differently at different scales. For example, surface tension is important in a pipe that’s 5 mm in diameter but is not important in a large river flow.




How do you measure water?




Another limitation of physical scale model testing is measuring the flow during the experiment. There are some limitations on CFD as well but, compared to a physical scale model test, it is generally much easier to get the results from a CFD model accurately, in many more locations, and without disturbing the flow.









Complex models demand high-performance computing 

Currently in CFD of civil engineering systems, turbulence is modelled mainly with Reynolds-Averaged Navier-Stokes (RANS) models, as this is the fastest method, and to a lesser extent with Large Eddy Simulation (LES), as this takes longer. Emerging hybrid schemes (such as Delayed Detached Eddy Simulation, DDES) are becoming popular. Multiphase fluid is often modelled with volume of fluid (VOF) methods, with a single continuity and momentum equation. However, where interphase drag is important, each phase gets its own continuity and momentum equation. Each of these levels of sophistication takes computing power. So CFD models are kept as simple as possible to model the particular problem, but no simpler.




The basic building block of a CFD model is its computational cell. The smaller these cells, the more detail you get and the higher the accuracy, but your computer needs to be more powerful to run these larger models. Simple models can be run on standard workstations where the simulated time is short and the number of cells is relatively small. For longer simulation time and/or when the number of cells gets into the tens of millions, high-performance computers with hundreds of CPU cores are required. Each CFD simulation can take several hours to several weeks, sometimes longer. Multiple runs may be required to develop a model and remove any errors. Many more runs are then required to conduct sensitivity testing on model parameters and to address the project questions (potentially with many iterations of a design’s geometry and flow conditions).




Typically, such high-performance computer systems are in large data warehouses and are accessed as a cloud computing service. The larger of these facilities have super-computers and can have thousands of cores. Computing services charge users on a cost-per-hour per computer core used (mostly on CPUs rather than GPUs, but that will change). If an answer is required quickly, the CFD model can be run over more cores, which significantly benefits large models.












Complex multiphase flows for fish passage and smaller whitewater kayak systems can be modelled well with scale models initially, as the system being modelled is relatively small. But when you’re modelling something that is much larger and has complex multiphase flows, scale model testing is harder. Model size is important for CFD models as well, and there is no free kick here. Larger systems where there is complex flow are computationally more expensive to model in detail using CFD. Typically, however, the budget of projects involving larger complex systems are also larger – and so, the modelling costs can be a similar proportion of the total project costs for small and large projects.




At some point in the future, such as when quantum computing becomes mainstream, CFD using direct turbulent simulation (i.e. DNS) of larger objects could completely replace physical scale modelling.




Room for both in pushing the knowledge envelope




Both physical scale modelling and CFD modelling require specialised facilities and experienced modellers. With the advent of lower cost computing services and increased CFD training in many engineering courses, CFD modelling has become the lower cost option for many civil engineering water modelling problems. But both physical scale modelling and CFD will continue to remain important for many years yet, and both approaches should be encouraged.




In general, what’s easy or difficult in physical scale modelling is often of a relatively similar level of difficulty for CFD modelling. Often the approach will come down to a modeller’s preference and access to either option, but in some cases it’s prescribed by standards. CFD is often cheaper and faster to set up for most civil engineering scale problems and, once set up, can be run on multiple computers at once and address more questions at once. Viewing the results of the CFD model is more flexible, but some prefer the touch and look of a physical scale model.




For novel phenomena at the edge of our understanding, there is still no substitute for a physical scale model. Over time, this will leave physical scale modelling mainly as a research tool and to aid community consultation and education, with CFD used for operational modelling in industry. Most projects will still use a combination of the two.




Like all good engineering projects, solving complex water modelling problems requires having adequate time and budget to provide a suitable quality result. When approaching a complex water flow problem, inform yourself of the solution options. The best model for your stage of understanding is the one that reduces uncertainty and improves knowledge to aid better decision-making.





[image: ]Plan view of a section through a hydropower tunnel, showing water starting to flow to the right past an opening on the side of the tunnel. Red is faster water and blue is slower.














If you’d like to talk with Entura about your water or dam project, contact Phillip Ellerton (Australia) or Shekhar Prince (international). 




About the author




Dr Colin Terry is a civil engineer at Entura with three decades of experience in Australia and New Zealand. His experience includes modelling, planning, design and construction support. He has worked on multidisciplinary projects across various parts of the water cycle including catchment management, water supply, hydropower, land development, transport, and water quality in natural systems – with a focus on surface and piped water.




MORE THOUGHT LEADERSHIP ARTICLES

								 
				
				De-risking renewable energy projects is in everyone’s interests

				
The rapid transformation of the energy sector is exciting and ripe with opportunities. Inevitably, it also involves a level of complexity and a range of uncertainties. Phrases such as ‘decarbonising the future’, ‘net zero emissions’ and ‘energy security’ feature in almost every energy transition seminar, but what do they really mean when it comes to constructing and operating the projects necessary to support a cleaner and greener future? How can developers design and develop for sustainability across the whole project lifecycle?
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With over 6 GW of committed large-scale wind and solar projects in the development pipeline, many of which need external finance, it is crucial that projects are developed in a way that will qualify for financing and will align with contemporary sustainability standards. Many financial institutions are applying risk management frameworks such as the Equator Principles to determine, assess and manage environmental and social risks. Over 100 financial institutions globally, including key Australian banks such as Commonwealth Bank, ANZ and Westpac, have adopted the principles. The Equator Principles provide a framework for due diligence into whether the project has been or is being developed in an environmentally and socially robust manner including respecting human rights. Similarly, regulators require evidence of sound avoidance and minimisation strategies to reduce the footprint of disturbance, particularly through construction.




Environmental, social and governance (ESG) considerations throughout the whole project lifecycle, including supply chain considerations, are more carefully scrutinised than ever before. Poor management of ESG can lead to reputational, financial and legal consequences. Investors will want a thorough review of approval documentation and evidence of systems and processes to assess project risk regardless of whether projects are already approved or are still under assessment. The investor needs reassurance that the project will be, or has been, developed in a manner that aligns with their own ESG objectives.




To help your project progress smoothly through the approvals process, consider these points:




Each project’s risks, and their relationships, are unique




No two projects are the same. There are myriad ESG risks for any project, and the work to understand and quantify these risks is also project-specific. The interrelationship of the risks influences the risk profile of each project, which is pivotal to investment and acquisition decisions. Some examples of risks include changes in regulation between the time of construction and approval; changes in the conservation status of threatened species that alter operational monitoring requirements; community resistance post-approval; or lack of transparency throughout the supply chain amidst the risks of modern slavery.




Start early with thorough studies and engagement




From an approvals perspective, there is significant benefit in investing early and proportionately in environmental and social studies. It’s also important to invest in well-documented planning assessments that include building a relationship with the regulator as well as robust community and stakeholder processes. Meaningful and genuine engagement with First Nations communities is crucial, as projects are often developed on Country not previously subject to development. In terms of environmental and social risks, some projects may simply be too difficult or inappropriate to develop at the largest possible scale. As the number of projects being developed in a region increases, cumulative impacts are increasingly at the centre of communities’ and assessing agencies’ concerns, particularly in terms of noise, visual impacts and ecology.




Getting on the ‘front foot’ delivers results




It is important for developers and proponents to understand that the quality of work at this early stage is likely to impact on the due diligence process – for example, whether studies have been prepared to best practice or industry standards, and whether risks have been identified early and managed appropriately. Good early studies, actions and decisions can make a difference even before the project is approved – providing regulators with confidence that you’re being proactive when it comes to ESG risks, whether that be through design iterations or measures to manage construction and operation.




Investing early to de-risk may reduce the potential for disproportionate costs later in the project, such as re-work or offsets, and may increase the project’s likelihood of achieving finance. Due diligence throughout the approval process is likely to reassure a potential investor or buyer that the project has been de-risked as early and as thoroughly as possible. With the energy transition such an urgent priority in Australia and across the globe, it’s vital that generation, storage and transmission projects progress both rapidly and sustainably. A focus on early de-risking is undoubtably a key enabler of this goal.




Entura has led a number of supply/vendor and lender technical due diligence assessments nationally and internationally, assisting in the investment, acquisition and transaction for large portfolios of renewable energy projects, including solar, wind and battery energy storage systems. Reach out to Patrick Pease (Australia) or Shekhar Prince (international) to find out more about how we can support you with due diligence assessments.
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				What is the value of conventional and pumped hydro storage in a transitioning energy market?
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Entura’s Technical Director Power, Donald Vaughan, presented a paper at the global CIGRE Symposium in Cairns, Queensland in September 2023. This is a short summary of the outcomes of the analysis presented in his paper, regarding the value and roles of conventional hydropower, pumped hydro and battery energy storage as the power system transitions to a greater proportion of variable renewable energy in the form of wind and solar PV.




There is a growing need for firming and/or storage in our power systems as we move from predominantly dispatchable sources of power to variable renewable energy (VRE). In the Australian context in the National Electricity Market (NEM), the volume of storage required is expected to be around 46 GW (640 GWh) by 2050 (AEMO 2022). Multiple sources, technologies and methods are being considered but it may be that conventional hydro as well as the more obvious pumped hydro and battery energy storage (PHES and BESS) can play a role.




How do we value storage?




Storage can be valued in many ways. For pure storage, like BESS and PHES, value in a market sense can be measured based on the arbitrage between charging and discharging. Similarly, we can place value on a firming function for VRE. It is more difficult to value the restraint of generation at one time so that stored or withheld energy can be used later. This is the kind of storage offered by conventional hydro sources.




One way of thinking about value is through a measure of realised value vs average value in the market for a particular generator or group of generators. This ‘value factor’ approach is an appropriate measure for storage if we are measuring storage as a contributor to meeting market demand (either local or via interconnections).




One of the problems with the value factor approach is that it is difficult to apply properly without considering market price changes. Introducing plant that can effectively change demand profiles (such as PHES or BESS) will also change the market price, making it difficult to calculate value factors without complex market modelling.




We can instead measure the value of storage by assessing its ability to firm VRE. The measure is based on the ratio of smoothed to unsmoothed VRE with and without the storages applied.




Where there are large amounts of VRE, flexibility from market participants can be valuable. In terms of hydropower generation, conventional hydro plant (storage, Run of the River and head waters) has sufficient flexibility to provide significant market value for modest levels of VRE.




The scale of the transition to VRE will, however, exceed the capacity of conventional hydro to manage variability. Other forms of firming and actual energy shifting, rather than just energy withdrawal (as conventional hydro provides), will be required once the energy balance tips towards energy coming predominantly from VRE sources, with the associated need to manage large diurnal variability as well as longer, weather-based variability. Pumped hydro and battery energy storage will play an important role in providing this more flexible storage.




The role of PHES and BESS in firming




The BESS high power-to-storage ratio allows it to respond to a series of short-lived surpluses or deficits. The PHES deep storage allows it to manage longer duration surpluses or deficits.




The ultimate mix between PHES and BESS in the market is likely to be driven by several factors including the rate of VRE development relative to the level of inter-connection, load growth and VRE mix.




The nature of the VRE will also play a role in determining the storage mix. A predominance of solar will lead to a diurnal pattern that will allow all storage forms to recharge more regularly than would be the case with wind alone. This may allow shallower storage to manage evening peaks with deeper storage reserved for baseload operation overnight. 




The economics of BESS and PHES will also play a role in determining the right balance. The market demand for batteries for other purposes and the high market demand for power electronics may yet lead the price/MW of these two storage forms to begin to converge and to limit the depth of storage that will be possible using BESS. PHES on the other hand requires long-term planning, complex approvals processes and less certainty in terms of capturing value from the market. The Integrated System Plan (ISP) of the Australian Energy Market Operator (AEMO) forecasts a large requirement for PHES as deep storage and some very large projects are beginning to be planned.




As these factors play out, the appropriate mix of BESS and PHES will become clearer – but both will certainly play a role in Australia’s clean energy transition.




For more information about the analysis behind his paper, or to discuss how conventional hydropower, pumped hydro and battery storage can be valuable to your situation, contact Donald Vaughan.

								 
				
				Dams are crucial to climate change response and the energy transition

				
At the recent ICOLD meeting in Gothenburg, Sweden, dam engineering experts from across the globe came together to share knowledge, discuss trends and issues, and engage with each other. One important topic of discussion was the role of dams in the international response to climate change and what that will mean for the dams industry. Richard Herweynen, Entura’s Technical Director, Water, shares his thoughts on this topic here …
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Why will dams play a critical role?




Three major reasons why dams will be crucial in the climate change response and energy transition are water security, dispatchability of electricity, and tailings storage.




	Water storages will be vital to provide the same level of water security





Water security is essential for humanity. With greater hydrological variability due to climate change, more storage will be needed to provide the same level of security of water, food and energy. Water storage is a fundamental protection from the impacts of a changing climate, safeguarding the supply of water, and the water–food–energy nexus, even during extended drought.




The effects of climate change are predicted to increase and to result in greater magnitude and frequency of hydrological extremes, such as prolonged droughts and significant floods. With prolonged drought, inflows to storages will reduce. If demand remains the same, stress on existing water storages will increase.




Water storages are used to regulate flows and manage this variability: storing water when there are high inflows (or floods) and then using this stored water during low inflows (or droughts). Dams are used to create these vital water storages.




	Hydropower and pumped hydro energy storage (PHES) are critical for the energy transition





A key response to climate change is the decarbonisation of the electricity sector through renewable energy. Wind and solar power now offer the lowest cost of energy, have low ongoing operational costs, and emit the least greenhouse gases across their lifecycle – and therefore hold the greatest potential for rapid decarbonisation of the energy sector. Of course, wind and solar PV output vary according to the weather and the time of day – but the electricity market needs the supply of electricity to match demand, or for these renewables to be dispatchable.




Energy storage is the key to smoothing out the variability of renewable energy generated by solar and wind. The power and duration of the storage are the two key variables in determining the most suitable solution. Low-power, short-term storage is currently more cost-effective using batteries, but longer periods and larger power requirements are likely to rely on bigger storage options, such as pumped hydro energy storage (PHES) and traditional hydropower. Smoothing out the daily variability in renewables can be achieved effectively through pumped hydro. Dams are used to create the water storages used in both traditional hydropower and PHES.




	The transition to renewables will demand more minerals and metals





The global energy transition will demand a major increase in renewable energy technologies – which in turn will require more of the ‘critical energy minerals’ and metals. The rising need for minerals such as copper, aluminium, graphite, lithium and cobalt will not be able to be met by recycling and reuse alone. Therefore, extraction and storage of minerals from mining operations will be essential to sustain the renewable energy transition.




According to a report by the World Bank Group, the production of minerals such as graphite, lithium, and cobalt could increase by nearly 500% by 2050 to meet the escalating demand for clean energy technologies. It is estimated that over 3 billion tonnes of minerals and metals will be necessary for the deployment of wind, solar, geothermal power and energy storage, all of which are vital for achieving a sustainable future with temperatures below 2°C.




However, this need for mining activity comes with a special responsibility for sustainable practices, including the proper management and storage of mining waste. Rock, soil and other by-products are left behind after the desired minerals have been extracted from the ore. Tailings facilities store this waste, playing a crucial role in mitigating the environmental impact of mining operations. Dams, in particular, are commonly used to create these facilities, as they provide an effective means of containing the waste.




Dams used in tailings facilities are designed to withstand the weight and pressure of the waste materials, prevent seepage of contaminants into the surrounding environment, and take into account factors such as stability, erosion control and water management. Dams that are well designed, constructed and monitored, adhering to stringent environmental and safety regulations, can help prevent the spread of mining waste into nearby water bodies, reducing the risk of water contamination and protecting aquatic ecosystems.
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Working towards ‘good dams’




While there have certainly been some examples around the world of dams that have had adverse impacts, it is clear that dams will play a critical role in the international response to climate change and the decarbonisation of the energy sector. It’s therefore vital that dams are planned, constructed and managed appropriately and safely. With increasing understanding of impacts and far greater sophistication of internationally accepted sustainability protocols, it is now up to developers and planners to heed the lessons of the past and find the right dam sites for nature and communities.




It is important that we ensure the safety of existing dams as well as the safety of any new dams. Examples from around the world demonstrate the devastating consequences of dam failures. Safety must be every dam owner’s key concern, and should be managed through an active dam safety program.




Of course, the larger the portfolio of dams an owner is managing, the greater the demand on their resources; however, it is critical that dam safety risks for water storages and tailings facilities are managed appropriately across dam portfolios to protect downstream communities. The Portfolio Risk Assessment process increases the focus on potential failure modes and risk as drivers of the dam safety program and as the basis for deciding priorities for allocating operational and capital resources.




It will also be vital that dams engineers, owners and operators keep up to date with the latest developments in the dams industry worldwide through continuous learning and important global forums such as ICOLD.




If you’d like to talk with Entura about your water or dam project, contact Richard Herweynen.




About the author




Richard Herweynen is Entura’s Technical Director, Water. Richard has three decades of experience in dam and hydropower engineering, and has worked throughout the Indo-Pacific region on both dam and hydropower projects, covering all aspects including investigations, feasibility studies, detailed design, construction liaison, operation and maintenance and risk assessment for both new and existing projects. Richard has been part of a number of recent expert review panels for major water projects. He participated in the ANCOLD working group for concrete gravity dams and is the Chairman of the ICOLD technical committee on engineering activities in the planning process for water resources projects. Richard has won many engineering excellence and innovation awards (including Engineers Australia’s Professional Engineer of the Year 2012 – Tasmanian Division), and has published more than 30 technical papers on dam engineering.
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				A shift in asset management mindset brings new opportunities for hydropower

				
Compared with other clean energy technologies, hydropower is a long-distance runner. Many hydropower facilities have an expected lifespan of up to a century. An increasing challenge, however, is that many of these facilities are already well progressed on their life journey. With much of the world’s hydropower fleet already at or beyond mid-life, effective asset management is key to enabling these plants to perform successfully into the future.
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But times change – so the way these plants operated decades ago may not be the way they can best serve us now or into the future. Changing energy markets will present different demands and new opportunities that extend beyond the operational states for which some hydropower facilities were originally designed.




In this context, asset management can do more than maintain the functional status quo; it can become a strategic enabler of change, breathing new life into old assets in a rapidly changing landscape.




New roles for hydropower




Energy markets are in transition. The pursuit of clean energy targets, the declining costs of wind and solar power, retirements of coal-fired power stations, and volatility in supply and pricing of gas are driving rapid change. With large amounts of wind and solar, the market needs storage to smooth supply. It also needs ancillary services that maintain a stable, reliable and resilient electricity grid. Hydropower can provide both.




To meet these market needs and to take advantage of emerging opportunities, the way we operate some hydropower plants will need to change. This calls for a rethink about how we want our assets to perform. The focus of asset management should now be shaped around maximising market opportunities as well as maintaining reliability while also optimising performance and dispatchability. This focus can be applied to designing new hydropower developments as well as overhauling aging assets.




Getting the strategy right




Over time, asset management has become a catalyst for continuous improvement regarding asset stewardship, evolving beyond reactive and fixed-interval maintenance, through to far more proactive, preventative and risk-based approaches guided by international standards (ISO 55000). However, even advanced asset management approaches tend still to be geared towards replacing ‘like for like’ to maintain desired levels of reliability, capacity and performance.




We believe that what’s needed now is a new chapter for asset management; one in which we employ all the sophistication of existing asset management approaches but add a new focus on ‘designing for dispatch’ to meet the market need whenever opportunities arise.




Here’s how that might look:
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The starting point for the asset management strategy must be the organisational context. In other words, the asset management approach needs to enable the organisation’s vision, mission and business plans. But the organisational context cannot be a ‘set and forget’. It may shift due to changes in the broader operating environment, or it may change if there is a transfer of ownership of the organisation.




The next step is to understand the current and potential portfolio capability within the context of the organisational strategy. This means understanding how each particular machine and/or station is currently operating and performing, as well as how it would need to in future to deliver the desired outcome. Part of this process will be identifying any limitingfactors. These could be elements of the operational environment, such as weather patterns, rainfall events, or the relationship between one station and others in the cascade.




With a clear understanding of each asset’s performance and reliability requirements, asset management plans can be reviewed and adjusted to suit – or, in some cases, the asset may even need to be redesigned. The driving question behind the asset management strategy will be what each machine needs to be able to do in the market. Within the market opportunity, what are its strengths and weaknesses, and how will it interact with what the trading floor needs?




A market focus in practice




Let’s look at this in some real-world scenarios.




For an asset that largely performs as a baseload station, the asset management strategy may be to minimise the requirement for minor maintenance outages by designing in redundancy – such as having extra machines available in case of a failure.




Whereas, where an asset needs to operate mainly to meet peaks in the market, the components that suffer stress and wear from stop-start activities could be bolstered in their design, with failure modes addressed or eliminated. This may mean trialling new technologies in advance of the changed operation pattern, to be sure that the solution is robust. A change in style of operation from continuous generation to intermittent generation is also likely to call for changes in the monitoring and inspection regime.




It may also be worth changing the maintenance approach to better suit market dynamics. Rather than taking a machine out of service every 12 weeks to replace some relatively inexpensive components in a set, for example, it may be more cost effective to replace whole set at once and only take the machine down every 24 weeks to do so. The cost of the components may be outweighed by the extra revenue earned through less downtime.




We also have the opportunity to identify what part of the asset lets us down, and how we can engineer that in or out to be able to maximise the value of the market opportunity.




This is the approach that Hydro Tasmania is applying to the aging Tarraleah hydropower station, which previously operated inflexibly, based on the constant water volume that flowed slowly to it. A potential new design for Tarraleah may provide greater control of the outputs of the station, with controllable water flow and machines that are able to turn off and on rapidly as needed when the market requires.




The driver for design and asset management in this context becomes primarily dispatchability. Assets are designed and managed to meet the organisation’s vision and consequent dispatch strategy.




Asset owners that are thinking about dispatch are likely to want to take a lead role in the design phase, working together with original equipment manufacturers (OEMs) to design and customise machines to best meet the dispatch strategy and take advantage of market opportunities.




The outcome of the process we’ve outlined here should be an asset management program that optimises assets for the market and maximises their value for current and future operations. By optimising both asset management and dispatchability, hydropower assets can continue to operate efficiently and reliably, and to make very significant contributions to the stability and sustainability of the grid.




If you would like support to understand your dispatch opportunity, iron out barriers, and set up your operations and maintenance strategies to be dispatch-ready, contact Richard Herweynen or Phillip Ellerton.




About the author:




Leigh Smith is a specialist consultant with extensive experience and proven ability in asset management, condition assessment, risk management and project management in the power sector, particularly hydropower. He has over three decades of practical experience with hydropower assets and has successfully delivered and project managed many major projects in Australia and internationally. Leigh has produced numerous asset management plans to support financial modelling and feasibility of major hydropower projects, as well as detailed 30-year asset management and maintenance plans that have been critical to the progression of projects around the world.
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				Planning sustainable water infrastructure in a changing world

				
In an already water-stressed world and a rapidly changing climate, water is increasingly precious. To manage and control this vital resource, we must create and maintain safe, reliable and sustainable water infrastructure – and such a challenge calls for good planning.




The International Commission on Large Dams is working towards releasing new guidance for water infrastructure planning – and Entura’s Richard Herweynen is a member of the Technical Committee looking to develop a new ICOLD Bulletin on planning. In this article, Richard explains the importance and evolution of planning approaches.
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Water infrastructure projects deliver the dams, treatment plants, irrigation systems and distribution networks that provide water for homes, food production, industries and emergencies. They also create the structures integral for mitigating the effects of floods and droughts. But to maximise the benefits of this infrastructure, projects must be planned, engineered and managed for effectiveness, safety and sustainability.




These projects are far too important to approach in a haphazard way. Planning offers a structured, rational approach to solving problems – and it is the start of the ‘pipeline’ for addressing water resource needs and competing demands. In fact, for civil works programs, everything begins with planning.




Without a good plan, where are we?




Without careful planning, it can be difficult to achieve creative, cost-effective solutions to water needs. The planning stage helps decision-makers identify water resource problems, conceive solutions and evaluate the inevitably conflicting values inherent in any solution. Planning is best done by a team that brings together specialists in many of the natural, social and engineering sciences.




At the planning stage, all of the following points should be thought through:
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Guidance for better planning




In 2007, I became the ANCOLD-nominated member on a new Technical Committee for the International Commission of Large Dams (ICOLD) entitled ‘Engineering Activities in the Planning Process for Water Resource Projects’. In 2009 we put forward a position paper setting out an ‘Improved Planning Process for Water Resource Infrastructure’ based on ‘comprehensive vision based planning (CVBP)’.




At the next ICOLD Annual Meeting in Sweden in June 2023, our committee will be meeting to work on an updated framework that takes into account the rapid change we’ve witnessed over the last decade and the many cross-cutting issues that are impacting the planning process, such as risk-informed decision-making, climate change, sustainable development, environmental concerns, and river basins/systems.




What is ‘comprehensive vision-based planning’ (CVBP)?




Before we talk about updates, let’s take a quick look at our existing approach to CVBP, as articulated in 2009.




CVPB is a comprehensive, transparent planning process based on a shared vision for sustainable water resource development. It aims to achieve a better ‘triple bottom line’ outcome, with optimum economic, social and environmental outcomes.




Whereas many past projects were planned on a case-by-case basis, CVBP looks beyond the immediate project to the broader regional vision and watershed goals (which may also cross national borders), taking projected changes in water supply and demand into account. It draws on integrated water resources management (IWRM) to consider multiple points of view about how to manage water and to view each water infrastructure project in relationship to the other existing infrastructure in the region.




CVPB also incorporates much greater attention to the realistic options and cost-benefits of mitigation of environmental impacts – and it draws in more interdisciplinary engineering, cost estimating, and stakeholder/community engagement.




CVBP is, therefore, a holistic, integrated and collaborative approach to planning and a much-improved pathway towards successful outcomes.




The 8 steps of CVBP




As currently articulated, CVBP has 8 defined steps – but it’s an iterative process in which steps 2 to 7 are repeated multiple times, as necessary. The 2009 ICOLD bulletin goes into much greater detail than we can in this article, but this will give you an overview:
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Changes moving forward




It is time to update the planning process and guidance in the light of the rapid changes we are experiencing in our environment, innovations in technologies, and an increasing awareness of sustainability and ethics.




In the past, much water infrastructure has been planned within a reasonably near-term political and social lens and timeframe, and from a perspective of relative stability. But we know that change is constant and rapid, so our planning approaches need to shift to an even greater appreciation of uncertainty, risk and the intensifying potential for extreme events. There is also an urgent need to apply a deeper and broader awareness of the many considerations that make for greater environmental, social and economic sustainability.




Important factors here will be an uplift in stakeholder involvement and governance, a very clear focus on the costs and benefits that can’t easily be quantified or monetised, and reinforcement of the fundamental principle of ‘do no harm’.




It will also be important to take an adaptive approach to regional planning objectives, with a strong awareness of different regional and cultural values, goals, expectations, methodologies, financing arrangements and roles of government.




We should expand the planning scenarios to also explore non-structural options, dam removal plans, and scenarios based on failure modes. We also need to improve early data collection by finding and filling data gaps, improving the ways in which we preserve historical information, and improving data portrayal.




It is very important to involve the right people. Ideally, the planning team should be more than ‘multi-disciplinary’ or ‘interdisciplinary’. It should aspire to be ‘transdisciplinary’, in which all disciplines work seamlessly and collectively and achieve a level of insight that is ‘greater than the sum of its parts’.




This year, our Technical Committee will continue to build on some of these elements as we review and rearticulate CVBP, working towards a new ICOLD Bulletin to guide water infrastructure planning.




In a changing world, our approaches to infrastructure cannot stagnate. Designing, articulating and applying new planning frameworks is an important step towards creating and maintaining the sustainable, reliable water infrastructure our planet so urgently needs.




If you’d like to talk with Entura about your water or dam project, contact Richard Herweynen.




About the author




Richard Herweynen is Entura’s Technical Director, Water. Richard has three decades of experience in dam and hydropower engineering, and has worked throughout the Indo-Pacific region on both dam and hydropower projects, covering all aspects including investigations, feasibility studies, detailed design, construction liaison, operation and maintenance and risk assessment for both new and existing projects. Richard has been part of a number of recent expert review panels for major water projects. He participated in the ANCOLD working group for concrete gravity dams and is the Chairman of the ICOLD technical committee on engineering activities in the planning process for water resources projects. Richard has won many engineering excellence and innovation awards (including Engineers Australia’s Professional Engineer of the Year 2012 – Tasmanian Division), and has published more than 30 technical papers on dam engineering.
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				When is the best time to invest in deeper understanding? An example from hydraulic modelling

				
With projects and operations, like life, knowledge is power – the power to make informed decisions and manage risk. That knowledge can be gained in different ways, at different costs, and at different stages of a project. In an era of ever-more-sophisticated digital tools, how do we decide what’s best for the project?
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The understanding of when to invest in more accurate assessments is changing. Traditionally, more accurate assessments were time-consuming and costly, and left to later in a project’s life. Now, however, improved techniques and computing power make greater accuracy both possible and affordable earlier.




Here we look at the issue of when to invest in more accurate assessment tools using the example of where hydraulic modelling is a key part of projects, often in the development of water infrastructure.




As a project evolves or a system is operated, different levels of knowledge will be needed to make informed, defensible decisions. This knowledge comes from experience and from assessments specific to the project. With water modelling, these assessments vary in complexity and data requirements. They also need to be integrated into the design and approval for the development.




Investing too early in a detailed assessment can be wasteful, as there usually isn’t the data to support the approach. Even if the data is available, a high-cost investment too early in the project can be wasteful if the project is stopped or changes direction. However, investing too late in gaining a better understanding of the system and risks can lead to poor decisions and rework later, as the design may have advanced on poor assumptions for critical elements.




There is, therefore, always a balance to be found in the timing and the approach to take. If there are too many options for solutions late in the project life, there’s a danger of analysis paralysis. Knowledge gaps, too, can paralyse a project.




Increasingly sophisticated modelling is becoming more widespread and available




Understanding the behaviour of water as it moves around us, our environment and our structures is based on physics and statistics. Hydraulic modelling of water systems can range from a single line equation that takes only seconds to calculate, to complex numerical models that take months to work through.




In the past, with limited or no computing power, modelling required hand calculations. As techniques improved and computing power increased, it became possible to conduct numerical modelling with a simplified set of physics. For surface and pressurised water systems, these were called one-dimensional models. Over time, it became practical to use two-dimensional models, then limited three-dimensional models, and then full three-dimensional ‘CFD’ models. Computational fluid dynamic (CFD) models are the current state-of-the-art tools for hydraulic modelling.




CFD and physical modelling can provide such competitive advantage that there are now rules to limit the use of these tools in the racing car industry. This is because the tools are costly, so less affluent teams are disadvantaged by not having access to them. To level the playing field, the top teams are required to use less than the bottom teams.




In the world beyond racing cars, there are also limits on using state-of-the-art tools. Limits can be financial, skills, suitable input data and time. But as they become easier to use, CFD tools are finding their way into the early stages of projects.




In hydraulic modelling, not every engineer has access to a hydraulics laboratory in their office, although we all wish we did! So when there are uncertainties about how a system may work, it’s not usual to make a physical scale model and test things to get the insights needed to fill any knowledge gaps. To give engineers early insights into a system’s behaviour – which helps us find the best solution faster – we used to use simple hand calculations or one-dimensional models, but it is now becoming more common to use CFD and other advanced tools earlier in a project’s life.




Advantages of CFD in practice




Let’s look at a real-world example: understanding the overtopping of a dam wall with an upstream parapet wall during an extreme flood.




In this project, only hand calculations were to be used to work out the relationship between water flow rate and water depth above the wall. But during the hand calculations, it wasn’t clear if the water, after flowing over the parapet wall and then flowing over the rest of the crest, would build up and affect the upstream water levels by submerging the parapet. If the parapet was submerged, this would change the hand calculation method. There was a knowledge gap.




Initially, some testing was done with a one-dimensional numerical model, but this didn’t provide much insight into the hydraulic behaviour. So a simple CFD model was quickly built based on some hand sketches. The CFD model made it clear that there was no submergence of the parapet, allowing the use of the correct hand calculations. It filled the knowledge gap.




Now that the CFD model had been built, it could also be used to help validate the key inputs to the flow–depth relationship over the dam. The CFD model therefore benefited the qualitative understanding of the system’s physical behaviour as well as providing a second approach to solving the initial problem and improving confidence in the solution.
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So what’s the lesson here?




CFD wasn’t initially considered when the overall project was scoped, as CFD was traditionally considered to be too expensive. In the end, though, it was a valuable key to filling a knowledge gap and provided unplanned secondary benefits.




CFD isn’t going to be the answer for every hydraulic modelling project – but the general solution is to use the most accurate method that can be afforded as early in a project or operation as possible. There will always be a balance to be found in when to invest in accurate assessments, but the decision should be based on the contemporary lower effort to use and get results from these approaches, and the power gained by the extra knowledge they can provide.




If you’d like to talk with Entura about your water or dam project, contact Richard Herweynen.




About the author




Dr Colin Terry is a civil engineer at Entura with three decades of experience in Australia and New Zealand. His experience includes modelling, planning, design and construction support. He has worked on multidisciplinary projects across various parts of the water cycle including catchment management, water supply, hydropower, land development, transport, and water quality in natural systems – with a focus on surface and piped water.
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				How robust is your emergency preparedness?
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The old adage of ‘a company’s greatest assets are its people’ is never more true than in an emergency situation. The success of any emergency plan depends upon the skills, training and willingness of the people involved. It also relies on robust emergency preparation that takes as many scenarios as possible into account, and builds in a range of backups and alternatives for maximum agility and resilience.




All responsible dam owners have dam safety emergency plans (DSEP) which are carefully created and tailored to the needs of the company, its assets and its available resources.





If called upon in an extreme event, these plans will likely be pushed to their limit – but it’s vital that they perform as intended to reduce risk and consequences downstream.




The ultimate test of the emergency plan is how well it can cope with outages of power and/or communications. ‘Stress testing’ emergency plans for outage scenarios and implications is key to achieving a robust plan.




Power and communications outages




Where dams have moving parts, such as valves or floodgates, backups are needed to counter power outages. Are backup generators in place, or can a portable generator be brought to site at short notice? Is there a clear, safe access route to site during emergency conditions (e.g. not flooded or blocked by fallen trees)? Where this is not possible, can the valves or floodgates be operated by hand? A further question is whether these components are readily operable and exercised regularly. 




Many dams are located in remote areas, and in some cases mobile phone reception is unreliable. In these situations, can satellite phones be made available? Landline phones may be available but depend on poles and lines remaining intact and operable during emergency conditions. 




Communications are vital to ensuring the emergency plans are enacted under the direction of the incident controller. Where communications with remote resources are limited or not possible, those involved must fall back on their training and on lessons learnt from exercises and site-based, staged events involving scenarios of outages of power and communications. The DSEP can be updated with suggested actions for the on-site operators and emergency management team to follow in the worst-case scenario.




Alternative means of communication and access




In situations where check-in communications are required with those working remotely, alternative means must be considered in case of an outage of communications. In the absence of satellite phones, this could involve a messenger driving to site, but this relies on clear, safe access routes and careful consideration of the time required. In extreme cases, the only means of reaching a remote site may be by helicopter. This would require pre-arrangement with the closest helicopter providers regarding emergency availability.




The situation is similar with suppliers of plant and materials that may be required to assist with conditions at or downstream of the dam. How can they be contacted, and is there clear, safe access to site?  Consider having emergency stockpiles at site or nearby and ready access to earthmoving plant.




Decision-making in a SCADA outage




If a power outage results in a localised SCADA outage, there will be no current instrumentation data available to guide critical decisions. In such circumstances, decisions must be based on likely behaviour during emergency conditions or on forecasts from before the emergency is declared. This would likely require detailed knowledge of the dams and their components, which highlights the importance of regular routine monitoring and detailed studies such as comprehensive surveillance reviews and dam safety reviews.




Company culture, teamwork and support




Where there is a ‘no blame’ company culture in which employees are encouraged to speak up, point out flaws in systems and processes and identify faults with assets, there is a greater likelihood that employees will participate successfully in staged exercises and events and provide useful information regarding how an incident response team will perform during an emergency.




Another important aspect of company culture is working together as a team. It is possible that a person may become fatigued but cannot convey this due to a communications outage. It is also conceivable that during an emergency a person may be unwilling to ‘leave their post’ until the job is done, becoming fatigued in the process.




It is important to have backup resources and to limit time in any role during the emergency to minimise the chance of mistakes being made. The emergency plan is only as strong as the weakest link in the chain of command.




For all resources, including external resources, provision of backups should take into account leave, prolonged illness and the need to ensure replacement when employees leave the company.




Where a company has a strong and positive safety culture and team ethos, detailed knowledge of its assets, regular inspection and exercising of valves and gates, and a commitment to team-based emergency training, employees are more likely to overcome the challenges posed by outages of power and communications during emergency conditions. They will find a way.




No one can predict and plan for every emergency scenario, but we believe that the tips we’ve shared here can help dam owners to develop and maintain robust emergency plans that have a higher likelihood of success when called into action.
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If you would like support with your emergency planning, contact Richard Herweynen or Phillip Ellerton.




About the author 




Jamie Cowan is a senior dams engineer at Entura with over 2 decades of civil engineering experience in the UK and Australia. His experience includes the management of investigation, design and construction projects in the civil, dams and water industries. He has worked across all stages of project delivery, from feasibility to the commissioning of assets. He has provided construction support roles during dam construction and upgrade projects, and conducted intermediate and comprehensive inspections of dams for water authorities in Victoria. 
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Modelling has a very important role in every sphere of engineering. Complex mathematic models help us better predict and understand behaviours and performance so that we can solve technical problems, push the boundaries of applied science, and optimise construction and manufacturing.




We use finite element models (FEM) to determine the forces, stresses and deflections of a complex structure. We use computational fluid dynamics (CFD) to analyse complex three-dimensional hydraulic problems and determine flow vectors, velocities, water depths and pressure fluctuations. A complex finite difference model (such as FLAC) helps us model complex geotechnical problems. A rainfall–runoff model supports our understanding of potential flooding along a river channel.




In the 30+ years that I have worked in civil engineering, computing power has increased dramatically. As a result, modelling tools have become more powerful, enabling engineers to model increasingly complex principles and problems. For example, we can model non-linear stress–strain properties of materials, rather than simply assuming that they are linear. We can model the turbulent nature of water hydraulics, rather than assuming that the flow is laminar.




The advantage of having more powerful and more extensive modelling tools available to engineers is a significant improvement in our understanding and therefore, in many cases, a corresponding improvement in the engineering. But there is a potential downside: the risk of ‘analysis paralysis’, which is when our ability to make timely decisions is impeded by over-analysing or over-thinking scenarios or alternatives.




I am not a psychologist, but some say the root cause of analysis paralysis is the fear of making the wrong decision, choosing the wrong option or missing out on a potentially superior solution. This fear drives ongoing analysis, and the result is a loss of the expected or potential value of a timely, successful decision. Rather than making a decision, we try to preserve all existing options, continuing to analyse and refine.




This might look like a lower risk strategy, but it is actually a losing strategy. Complex modelling with an overload of scenarios, alternatives, sensitivity analyses or options can overwhelm the situation, making it very difficult to reach conclusions and make the decisions that are inevitably needed to move the project forward. This can potentially cause a bigger issue than if a decision had been made earlier. Prolonging the modelling and analysis phase will merely postpone, not eradicate, the risks associated with implementation. At some point, implementation will be expected.




It is very important to always remember the purpose of modelling, which is to help us understand a problem in order to make decisions – in many cases, engineering decisions. Engineering should drive the process. Although we may be able to refine a model further, perhaps we already have sufficient understanding to make the necessary engineering decisions, so the extra refinement is superfluous. Just because you can refine a model, or add complexity to a model to better reflect reality, doesn’t mean you should. The more refined and complex a model becomes, the more time is required to develop, analyse and interpret the results. It also becomes harder to validate the results, which is critical; blind faith in any complex numerical model is dangerous.




Early in my career, in relation to finite element modelling of dams, a mentor advised me to start simple with the model, validating the results against real data and known engineering behaviours to develop confidence in the model before adding further complexity. A big driver for this process was the extensive run times of these models three decades ago. Despite the progress in modelling over the decades, I believe that there is still a lot of merit in this gradual process of building complexity into a model. However, due to the software and computing power available today, a high degree of complexity is often built into a model right from the start. When this occurs, the modelling can become less of an engineering tool and more like a dark art.




The computing power available today certainly offers engineers access to some amazing inputs for our design processes. But numerical modelling does not replace the engineering. No matter how much modelling we do, we must still eventually make some important engineering decisions. If further refinement of the model won’t change the engineering decision, it’s time to stop. Don’t fall into the trap of analysis paralysis!




In summary, my tips for avoiding modelling paralysis are:




	Keep the purpose of your model in focus.
	Start simple and add complexity to your model only as required.
	Validate your models and ensure confidence in the results.
	Before refining the model, consider whether it will help your decision-making or if you already have sufficient understanding to make your decision.
	Remember that modelling does not replace good engineering practice and decision-making.
	Know when to stop modelling. Come back to the problem you are trying to solve or the decision you are trying to make.
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To talk further with an Entura specialist about your modelling challenges, contact Richard Herweynen.




About the author




Richard Herweynen is Entura’s Technical Director, Water. Richard has three decades of experience in dam and hydropower engineering, and has worked throughout the Indo-Pacific region on both dam and hydropower projects, covering all aspects including investigations, feasibility studies, detailed design, construction liaison, operation and maintenance and risk assessment for both new and existing projects. Richard has been part of a number of recent expert review panels for major water projects. He participated in the ANCOLD working group for concrete gravity dams and is the Chairman of the ICOLD technical committee on engineering activities in the planning process for water resources projects. Richard has won many engineering excellence and innovation awards (including Engineers Australia’s Professional Engineer of the Year 2012 – Tasmanian Division), and has published more than 30 technical papers on dam engineering.
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				Is there still a role for run-of-river hydropower projects?

				
In 2000, a major report by the World Commission on Dams shone a spotlight on large dams. At that time, some people argued that smaller, run-of-river hydropower could be a more sustainable solution than large dams with large reservoirs. Is this true? And is it still relevant more than twenty years on?
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Run-of-river hydropower projects have little or no storage, which means that they don’t require the construction of a large dam, and don’t need to inundate a significant area with a large reservoir storage. Run-of-river hydropower may therefore have lower social and environmental impacts. A diversion weir is less likely to be a barrier to sediment transport, fish passage, or navigation; however, because run-of-river hydropower still involves constructing a structure in the river, these schemes are unlikely to have zero environmental impact. It is interesting to note that run-of-river hydropower projects and other small projects that do not involve the construction of large dams account for more than half of the hydropower projects supported by the World Bank.




Despite potentially having a lower environmental and social impact, run-of-river projects do have a significant disadvantage compared to large reservoir hydropower. For run-of-river projects, not all of the energy is ‘firm’, as the ability to generate depends on the availability of flow in the river. If a river catchment is highly responsive to rainfall, the daily variation of generation from a run-of-river hydropower scheme could be highly variable (similar to wind and solar).




If annual rainfall is highly seasonal, with a dramatic wet season and dry season, then a run-of-river hydropower scheme will generate much more power when seasonal river flows are high, and significantly less during drier months. So a run-of-river scheme will not necessarily be able to play the increasingly important role of firming variable renewables, and is more likely to be considered an additional source of variable renewable energy.




Run-of-river may not offer storage, but it can still have a place




But this doesn’t mean there’s no longer a place for run-of-river hydropower, as it is still a valuable and clean form of energy. In some situations, the lack of firming capacity doesn’t necessarily matter too much due to the existing diversity within the generation portfolio, or the type of generation that is being displaced. Run-of-river hydropower can still be a viable option in these circumstances:




	where the run-of-river hydro scheme is part of a larger portfolio of hydropower assets, which already has storage within the overall system – in this situation, the various hydropower generation assets can be operated together as a dynamic, integrated system, using the various assets to deliver an optimum output
	where the run-of-river hydro scheme is part of a diverse portfolio of variable renewables, including solar, wind and run-of-river hydro – in this case, it is unlikely that the mix of variable renewables will be highly correlated (i.e. it is unlikely that when there is no water in the river, there is also no wind or sun), and therefore less energy storage will be required to firm the variable generation
	where the run-of-river hydro is displacing expensive thermal generation – such as the displacement of diesel-powered generation on an island or a remote off-grid site.





Achieving sustainable storage




If there is potential to add storage to a hydropower scheme in a sustainable manner, then this is likely to create more long-term value, especially in an escalating clean energy transition. Storage will make the hydropower more flexible, agile and responsive, and able to ‘firm’ more variable renewable energy sources. With storage, hydropower can match generation with the demand for electricity. Essentially, storage can ‘unlock’ more renewables, and underpin a faster energy transition.




But the key is to make sure that any larger-scale hydropower projects with storage are developed right. In a previous article, we argued that a successful hydropower project requires:




	understanding the current water resource and how it might change – and building in climate resilience
	thoroughly investigating the geological and geotechnical conditions
	projecting future demand in the context of industrial development and population change
	getting the power to where it is needed through appropriate transmission and distribution infrastructure
	carefully considering the project’s stakeholders, community and environment
	securing project finance.
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All of these aspects contribute to minimising risks throughout the project lifecycle and increasing the sustainability of the project in the long term, so that it can deliver social, environmental and economic benefits.




The best way to ensure that your hydropower project is developed in a sustainable manner, from the earliest stages of consideration through to operation and end-of-life, is by applying the international Hydropower Sustainability Standard.




Talk to us about achieving the right mix of renewables for your needs, and getting hydropower projects right.




About the author




Richard Herweynen is Entura’s Technical Director, Water. Richard has three decades of experience in dam and hydropower engineering, and has worked throughout the Indo-Pacific region on both dam and hydropower projects, covering all aspects including investigations, feasibility studies, detailed design, construction liaison, operation and maintenance and risk assessment for both new and existing projects. Richard has been part of a number of recent expert review panels for major water projects. He participated in the ANCOLD working group for concrete gravity dams and is the Chairman of the ICOLD technical committee on engineering activities in the planning process for water resources projects. Richard has won many engineering excellence and innovation awards (including Engineers Australia’s Professional Engineer of the Year 2012 – Tasmanian Division), and has published more than 30 technical papers on dam engineering.
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				‘No dams’ or ‘right dams’? – that is the question

				
The construction of large dams may be controversial, particularly if the social and environmental impacts appear to outweigh the benefits. How can we create the right kind of dams in the right places to deliver maximum benefit with minimal impact? 
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I recently watched Franklin, a documentary in which eighth-generation Tasmanian and environmentalist Oliver Cassidy retraces his late father’s 14-day expedition to attend the Franklin River blockade in Tasmania in the early 1980s. The blockade aimed to stop the damming of the ‘Gordon below Franklin’. This was a divisive time, when many cars on the roads displayed a ‘No Dams’ sticker.




Indeed, some rivers have such high environmental and cultural heritage value that they should not be developed. However, given that water storage is a critical global issue, especially in a changing climate, is ‘No Dams’ a realistic stance?




Dams play an important role within communities by providing much-needed storage for water supply, irrigation and power generation. With greater hydrological variability due to climate change, more water storage will be vital to provide the same level of security for water, food and energy. The security of water, food and energy are inextricably linked, and all three are critical. For example, approximately 50 per cent of all large dams are used for irrigation. Without sufficient water storage, irrigated agriculture, which supplies 40 per cent of the world’s food, is at the mercy of changing patterns of rainfall and runoff. In our view, more water storage is needed for a sustainable future.




However, there are good dam sites and there are bad dam sites. In 2003, the World Bank, through its Latin America and Caribbean region, prepared a sustainable development working paper. This paper, titled Good Dams and Bad Dams, recognised that not all large dams are alike, particularly in terms of environmental and social impacts. It concluded that the level of environmental impact is largely determined by siting. It argued that while dams at good sites may be defensible, dams proposed at inappropriate sites are likely to remain problematic, even with proper implementation of all feasible mitigation measures, and are best left undammed.




Deciding on a site is not simple, and that is because sustainability challenges are complex. To help with decision-making about dams, the World Bank prepared environmental criteria for selecting sites for hydroelectric projects, building on its earlier work towards greater sustainability of dams throughout the 1980s and 1990s. In addition, the World Commission on Dams had been born out of a meeting in 1997 jointly sponsored by the World Bank and the World Conservation Union, and released its framework for dam decision-making in 2000.




International good practice has continued to evolve – and some principles are encapsulated in the Hydropower Sustainability Standard and assurance framework governed by the Hydropower Sustainability Council (drawing on the International Hydropower Association’s own tools and other sustainability principles) and underpinned by the San José Declaration on Sustainable Hydropower. Although these frameworks were created for the hydropower industry, they can be applied to any dam project.




So now, guided by these sustainability frameworks and motivated by the urgency of the clean energy transition and the multiple benefits of dams and hydropower, the challenge is to find the ‘good’, least-impactful dam sites, to enable more water storages to be developed sustainably. The need for more storage is particularly pressing in many developing countries – where there are critical needs for electrification, drinking water and flood mitigation, and where numerous and varied dam sites are available.




How do we do this? Clearly, site selection cannot simply be about cost-effectiveness alone, given that so much of what we value in life cannot be measured in dollars. At the recent Australian National Committee on Large Dams (ANCOLD) Conference, one of the keynote addresses was delivered by Gigi Foster. As an economist, she argued the importance of choosing the right ‘currency’ when making key decisions for society. She argued that we should judge a society by the extent to which it enables people to experience lives that are both long and of quality and wellbeing. A term used for wellbeing over one year is a ‘wellbeing year’ or WELLBY. Ideally, we should seek to maximise the number of future WELLBYs for people in the present generation, but also for future generations.




Arguably, the best dam sites may be those that maximise future WELLBYs – but this might be difficult to calculate. They may also be the dam sites which are the best based on a multicriteria assessment in which environmental and social risks are fully considered. There will be some potential dam sites where the environmental or social impacts are too great, and a dam cannot be justified. Good site selection is the most effective environmental mitigation measure.




Given that we need more water storage, we can:




	Explore opportunities to increase the storage capacity of existing reservoirs by raising dams or by improving interconnection between storages to enable them to work together in a flexible and effective manner. Often, this can be more cost-effective and have lower environmental impacts than a new dam project. Where the benefits are high and the impacts are low, the WELLBYs are likely to be high.
	Identify dam sites, either on-stream or off-stream, that will minimise environmental and social impacts. The simple quantitative indicators proposed in the 2003 World Bank Good Dams and Bad Dams paper could be used for an early preliminary rating and ranking of potential dam projects in terms of their possible adverse environmental or social impacts until more information is generated through detailed environmental and social impact assessments. The environmental and social considerations must be given appropriate weighting in the site selection multicriteria assessment, along with the financial, technical and other criteria typically included. If the assessment is well balanced, it is more likely to reach a positive outcome.





After many decades of controversy about dam development, and with increasing understanding of impacts and far greater sophistication of internally accepted sustainability protocols, it is now up to developers and planners to heed the lessons of the past and find the right dam sites for nature and communities.




If you’d like to discuss how we can assist you with planning, designing and constructing safer dams, please contact Richard Herweynen, Paul Southcott or Phillip Ellerton.




About the author




Richard Herweynen is Entura’s Technical Director, Water. Richard has three decades of experience in dam and hydropower engineering, and has worked throughout the Indo-Pacific region on both dam and hydropower projects, covering all aspects including investigations, feasibility studies, detailed design, construction liaison, operation and maintenance and risk assessment for both new and existing projects. Richard has been part of a number of recent expert review panels for major water projects. He participated in the ANCOLD working group for concrete gravity dams and is the Chairman of the ICOLD technical committee on engineering activities in the planning process for water resources projects. Richard has won many engineering excellence and innovation awards (including Engineers Australia’s Professional Engineer of the Year 2012 – Tasmanian Division), and has published more than 30 technical papers on dam engineering.
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