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Adaptative Infrastructure with Infrastructure 
Ontario 

 

Infrastructure Ontario (IO) is a Crown agency of the Province of Ontario that 

supports the Ontario government’s initiatives to modernize and maximize the 

value of public infrastructure and real estate. IO upholds the government’s 

commitment to renew public services and does so in co-operation with the 

private sector. In 2019, IO created a Climate Resilience Program aimed at 

understanding infrastructure risks and planning for future climate change and 

extreme weather events. One of the measures included in the programs is to 

conduct Climate Resilience Assessments (CRA) to inform output specifications 

for new construction projects, including hospitals, which will be the focus of 

this case study.  

 

No completed PIEVC assessments conducted on the design of new hospital 

buildings have been made publicly available as part of the meta-analysis. This 

case study is based on an interview with Alice Dixon, the Climate Resilience 

Manager at Infrastructure Ontario. 

https://www.infrastructureontario.ca/en/about-infrastructure-ontario/#:%7E:text=Infrastructure%20Ontario%20(IO)%20is%20a,operation%20with%20the%20private%20sector.
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Step 1: Scope, Context and Criteria 

The first step in the PIEVC Protocol outlines what will be assessed, how far the assessment will look 
outside of system boundaries, and metrics for measuring and ranking risks 

Approach 

To date, IO has completed eight CRAs during the Design Development (DD) phase of new hospital 

construction projects across Ontario. The approach used to complete the CRAs is a modified 

version of the PIEVC Protocol that has been adapted to fit IO’s purposes.     

Scoping Considerations 

The project team for the CRAs typically comprises the consulting engineering firm hired to 

deliver the CRA, members from IO’s sustainability and project teams, the hospital or ministry 

client, including facility and clinical operations staff, consulting engineering and architecture 

firms hired to do facility design work and energy modeling to produce output specifications for 

construction bidders. The consulting firm's primary task is to complete the CRA, encompassing 

climate data, projections, probability scores, and recommendations. 

An important consideration in scoping assessments for hospitals is their criticality. Hospitals 

must remain operational in post-disaster scenarios, including extreme weather conditions, and 

have robust systems and redundancy measures in place for safety. Hospitals adhere to stringent 

post-disaster building code requirements, with structural load requirements nearly double those 

of regular buildings. Additionally, hospitals have advanced design needs due to their high air-

exchange rates and power supply demand. 
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Step 3: Risk Assessment 

Determining risks for system under consideration 

Risk Summaries 

Common risk trends have emerged across the eight CRAs conducted by IO. Hospitals are 

vulnerable to increases in extreme heat and precipitation occurring now and are expected to 

continue to increase across Ontario.   

Higher risks associated with increased precipitation are primarily related to the inability to 

manage increased stormwater runoff that exceeds the capacity of roof and site drainage systems. 

Higher risks due to extreme heat are associated with HVAC systems that could be unable to 

meet cooling demand requirements if designed to the status quo, which is based on historical 

weather, heat stress for outdoor workers and the degradation of building materials (such as 

caulking shields) leading to leaks, further damages, and reduced lifespans of components. 

Similar risks emerged in the Nanaimo Regional General Hospital (NRGH) climate change 

vulnerability assessment conducted by RDH Building Science Inc. in 2019. The assessment found 

19 high risks for the 2050s time frame, with six related to heatwaves impacting the hospital’s 

cooling plant assets and ability to meet increased water- and air-cooling demands. 

Step 2: Specifying Elements and Climate Details 

The next step requires defining the system elements and climate information used in the analysis. 

Data and Information Used 

Assessments completed for IO involved data collection and analysis processes that are similar 

to other PIEVC assessments. This includes developing a comprehensive understanding of the 

components that make up the hospital system and the collection of historical climate conditions 

and future projections using climate models. 

https://pievc.ca/wp-content/uploads/2021/03/RDH-NRGH-2019.pdf
https://pievc.ca/wp-content/uploads/2021/03/RDH-NRGH-2019.pdf
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Step 4: Reporting 

Communicating the assessment results and recommendations 

Recommendations 

The CRA process at IO doesn't stop at assessing risk but also integrates identifying and 

prioritizing adaptation actions to reduce risk. Alice Dixon sees this process as integral, as 

without concrete recommendations, the CRA could be exclusively "problem setting instead of 

problem-solving."  

Prioritizing Recommendations 

Once recommendations are provided by the CRA team, the design team sorts each 

recommendation into categories:   

• Already incorporated in the design specifications  

• High level of effort (feasibility and cost) to implement  

• Low level of effort (feasibility and cost) to implement  

• Operations and maintenance actions   

• Not applicable to the site or asset type  

Often on hospital projects, most CRA recommendations are included in the baseline design, 

showing the higher standard of resilient design applied to hospitals. In Ontario, hospitals are 

built to the OBC post-disaster building requirements. The remaining recommendations are 

focused on operation and maintenance actions that will need to be considered after 

construction is complete or are net new climate adaptation actions, which tend to be harder to 

implement due to costs or being beyond normal practice but are often very critical. 

Humidity increases were also identified as high risks that could affect cooling capacity due to 

rising room temperatures. Additionally, medium-risk scenarios were noted, particularly related 

to increased precipitation intensity and frequency, which could overwhelm drainage systems, 

potentially causing structural damage when compounded with blocked roof drains. 
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The client and the designer will then work towards a feasible option to include the 

recommendations in the design. 

Recommendations - Precipitation  

A commonly recommended strategy to manage increasing precipitation is to upsize drainage 

capacity to handle increased amounts of stormwater. For hospitals, this can include increasing 

the number or size of roof drains and rainwater leaders to convey water off the roof faster. It is 

also critical to concurrently increase the conveyance and storage potential of civil systems that 

receive water from rooftops. However, implementing this recommendation can be difficult when 

rooftop drainage systems are designed by mechanical engineers and governed by building code, 

while ground-level drainage systems are designed by civil engineers and governed by municipal 

code. This is a good example of how climate-resilient thinking necessitates interdisciplinary 

collaboration. Case studies are also valuable in showing how systems like green roofs can be 

cost-effective compared to traditional roof systems while providing benefits of stormwater 

management, urban heat island reduction and biodiversity support.  

Recommendations – Heating and Cooling  

Several common recommendations are made to address challenges associated with extreme 

heat. These include measures such as planting trees to provide natural shade, increasing the 

availability of water stations for outdoor workers, and utilizing high-albedo (reflective) materials 

to reduce heat absorption. These examples demonstrate cost-effective approaches to managing 

extreme heat without requiring substantial upgrades or changes to the design.   

Adapting HVAC systems to cope with changing temperatures is more complex in that an HVAC 

system for institutional buildings like hospitals comprises multiple sub-components, including 

heating and cooling equipment, distribution systems and terminal units. It is useful to prioritize 

actions according to the lifespan of the various sub-components of the overall system. For 

example, where underground chilled water pipes are used, it is more cost-effective to increase 

capacity to manage higher cooling demands now rather than wait for its natural lifecycle renewal, 

as the climate is projected to change significantly during the approximate 65-year lifespan of 

buried water pipes. 
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Whereas a chiller has a shorter lifespan of approximately 25-years, so as long as it is designed 

to 2020s climate time horizon, it can be swapped out and upsized as needed at the 2050s climate 

time horizon. Though it is likely to expect mechanical cooling equipment to become smaller and 

more efficient as time goes on, it is a good safety to consider designing mechanical rooms today 

to be able to accommodate additional chiller equipment to meet current and projected increases 

in cooling loads under a changing climate.  

Energy models indicate a projected decrease in heating demand over time with warmer and 

shorter winters. This shift could potentially maintain the energy unit of intensity (UOI) of a 

building at a similar level in the future, as decreased heating degree days are offset by increased 

cooling degree days. While this trend presents potential advantages, hospitals are mandated to 

adhere to building code that requires heating systems to be designed to operate effectively, 

even under extreme cold conditions. This could lead to the overdesign of heating systems. 

Adopting a more adaptable approach to system design is recommended to address this 

challenge. For example, using multiple smaller boilers allows for flexibility, with only one boiler 

needed during warmer winters, thereby extending the service life of additional units. Ground 

source heat exchangers (GSHEs) also offer a versatile solution as they can cool and heat; however, 

they may struggle to adjust to changing load requirements. Integrating an additional chiller can 

be effective in mitigating this limitation and achieving a balance between reduced heating 

demand and increased cooling demand. These strategies enable hospitals to optimize energy 

usage while ensuring compliance with regulatory standards and maintaining operational 

efficiency in varying climate conditions. 

Recommendations from the Nanaimo Regional General Hospital (NRGH) climate change 

vulnerability assessment align with these principles. They include roof upgrades and sloping to 

enhance drainage capacity, consideration of thermal insulation during roof membrane 

replacement to improve energy efficiency, and using high-albedo roofs to reduce solar heat 

gains. Other recommendations focus on enhancing building envelope integrity, upgrading HVAC 

systems for improved performance, and incorporating improved landscaping practices. 

https://pievc.ca/wp-content/uploads/2021/03/RDH-NRGH-2019.pdf
https://pievc.ca/wp-content/uploads/2021/03/RDH-NRGH-2019.pdf
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Climate Adaptation 

Climate-informed design practices implemented by IO exemplify effective climate adaptation 

strategies. Alice emphasized the critical importance of integrating CRAs and their 

recommendations and climate-adjusted design criteria seamlessly into the design development 

phase of an infrastructure project to best identify, prioritize and integrate adaptation measures 

as an inter-disciplinary team made up of assessors, owners, designers, project managers and 

operators. These recommendations to make infrastructure more resilient require thoughtful 

decision-making now to allow for flexibility in the future and can serve as an example for other 

infrastructure systems on how to incorporate resilience into the design phase across Canada. 

Alice also underscored the importance of collaborative efforts in advancing climate adaptation. 

Projects are most effective when those assessing climate risks work closely with designers and 

operators, sharing the common goal of ensuring public safety. Beyond individual projects, 

collective action is necessary to advance climate resilience. It's crucial for industry codes and 

standards to evolve together to address climate change effectively, as these efforts are 

contingent on each other. This requires mutual support and sharing of resources to build resilient 

infrastructure and a sustainable future for all.  

Benefits 

Climate mitigation goals and climate resilience goals can often work in tandem. Facilities that 

require less energy to operate are inherently more resilient. For example, using heat pumps with 

higher performance efficiencies over standard boilers and chillers can help reduce greenhouse 

gas emissions and equip facilities to better handle increasing temperature variability during 

shoulder seasons. This integrated approach was also recognized in the NGRH assessment, which 

emphasized the importance of identifying and implementing climate change mitigation and 

adaptation actions together to achieve low carbon resilience.  

After the Assessment 

Climate Resilience does not end with the completion of the Climate Resilience Assessment. 
Results and recommendations were revisited as part of the meta-analysis with the project team.  
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By incorporating low carbon resilience through energy efficiency measures, facilities can achieve 

multiple benefits, including cost savings and environmental sustainability.   

While the collaborative CRA approach may require more time and resources, the value gained 

from integrating various perspectives is invaluable. Stakeholders such as operators, users, 

administrators, clinical staff, and designers contribute unique insights that may not have been 

considered otherwise. For example, operators and users can provide firsthand knowledge of 

operational challenges, while administrators and clinical staff offer insights into insurance and 

equipment considerations. Designers involved in the CRA can start incorporating resilience 

measures from the outset, leading to more robust and adaptive designs. By fostering 

collaboration and information-sharing, CRAs enable hospitals to address potential risks more 

comprehensively and proactively, resulting in improved functionality, resilience, and overall 

performance.   

Challenges  

Incorporating resilience measures into the design phase presents its own set of challenges, which 

persist as projects move to construction. The transition from design to construction can often 

lead to 'value-engineering,' where resilience measures are removed if their significance and 

benefits are not adequately communicated or understood during the handover process. These 

challenges are not unique to IO and are also commonly encountered in municipalities where 

obtaining buy-in from council is hindered by competing financial priorities.   

Alice has encountered reluctance from infrastructure professionals to design beyond the 

requirements of the Ontario Building Code. In these cases, it is important to emphasize that the 

code is a minimum standard that serves as a starting point, and designers bear responsibility for 

public safety, necessitating consideration of future climate change impacts.  As awareness 

increases, this becomes less of a problem. While IO has been able to address some of these 

challenges, there remains a need for updates and guidance at both regional and national levels 

to inform decision-making and ensure that resilience considerations are integrated effectively 

into infrastructure projects.  
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This underscores the importance of ongoing collaboration and advocacy efforts to promote 

climate-resilient design practices across all levels of governance and within the industry. 

Lessons Learned  

A key lesson learned is the importance of timing when conducting CRAs for new infrastructure. 

It's crucial to strike a balance between having sufficient information to understand the system 

and implementing changes early enough to enact meaningful adaptations. IO has found that 

the most effective timing is during the design delivery phase, typically at the 30-60% stage. 

CRAs too early can result in assessments being focused on the land rather than the building 

itself due to a lack of information, while delaying assessments may limit the potential for 

implementing recommendations.  

Additionally, involving staff familiar with existing assets and sites, even if their knowledge is 

based on experience of an older asset design regime, is critical. Operators and staff possess 

valuable insights into potential impacts and can provide unique input on the consequences of 

those impacts. Alice has come to see the consequence scoring in a CRA as the people-

influenced and asset-specific variable in a risk equation, which can vary considerably based on 

who is doing the scoring. For example, operators may have a lower risk tolerance than design 

engineers for freezing or flooding events, and hospitals have a lower tolerance level for power 

outages, especially in critical areas such as operating rooms, compared to other institutional 

asset types without 24/7 occupancy or operation. By incorporating various perspectives, 

infrastructure projects can better address their operational environments' specific needs and 

challenges, ultimately enhancing resilience and effectiveness. 

Learn More 

- Read the case study on the Map of Adaptation Actions on Infrastructure Ontario 

- Review the Climate Change Vulnerability Assessment for Nanaimo Regional General 

Hospital (NRGH) for more insights on vulnerability of hospitals  

https://changingclimate.ca/map/building-climate-resilience-across-infrastructure-ontarios-managed-assets/
https://pievc.ca/2019/03/24/climate-change-vulnerability-assessment-for-nanaimo-regional-general-hospital-nrgh/
https://pievc.ca/2019/03/24/climate-change-vulnerability-assessment-for-nanaimo-regional-general-hospital-nrgh/

