
Renewable Energy Planning 
at the Community Level 
Lessons Learned from Net Zero Projects 

Tom Phelps 
Principal Stantec 

Dec 6, 2017 

Presenter
Presentation Notes
Good afternoon everyone. Thank you for inviting me to speak to you today.



Presenter
Presentation Notes
1-2-3-4-5
Most people agree that renewable energy is probably a good thing for society to pursue.  
But when it comes to planning renewable energy for an entire community, conflicts can arise between technology options, and opinions and emotions can overrule facts and logic.
This talk is about dealing with both.
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I’m going to first walk us quickly through some aspects of the renewables market and the Army’s Net Zero program, touch on our planning approaches for Net Zero work, and look at some lessons learned from that program.  




Introduction 

“Renewable energy 
technologies will account for 
two-thirds of new generation 
capacity installed in the 
Americas from 2014-2026.” 

2030 Market Outlook, Bloomberg New Energy 
Finance, July 2014 
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Let’s start off with an overview of where renewables is heading.




Decreasing Costs 

Sources:  Boston Consulting Group; Lazard; NREL; EIA; USDOE 
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Most folks are aware that renewable energy is now an accepted, maturing market.  And economics are driving the renewables expansion worldwide. 
The Levelized cost of electricity (LCOE, which includes installation, operations, and fuel costs) continues to drop for solar and wind.  
Wind is now cost competitive with fossil fuels in some regions, at less than 7 cents/kWh
Solar is rapidly approaching similar prices in sunny regions and where incentives are available - 6.5 cent/kWh solar PV projects in Texas
70% drop in panel prices in the last 5 years.  ($0.54/watt now) 
For investors, 25-year PPAs are generating returns of 7% or more, attractive in the current markets.




Agenda 

1 Introduction

2 Net Zero Overview

3 Planning Approaches

4 Lessons Learned

Presenter
Presentation Notes
This dramatic shift in the economics of renewables has resulted in their widespread acceptance as a viable alternative to conventional power, and makes renewables attractive for entities that are looking to diversify their energy mix without blowing the bank.

Let’s take a closer look at a program that is doing just that.



US Army Net Zero Program 

 National Defense Authorization Act:
The Army will produce or acquire 50% of 
its current energy needs from 
renewables by 2025 

 Conservation and Generation across
an entire system

 Energy security

 Community-scale Energy Planning

Presenter
Presentation Notes
You’ve probably heard a lot about Net Zero as an approach to reducing energy consumption, reducing greenhouse gases, and improving energy security.
There are several mandates driving Net Zero in the federal government, including a new Executive Order issued by the White House just last week, setting ambitious targets for greenhouse gas and energy consumption reductions.
The Army has set aggressive goals both for energy conservation and renewable generation on a system-wide basis.
The Army also has a goal of improving energy security, especially for mission critical functions in locations where energy interruptions might occur.
Unique aspect of their program: planning at the community or installation level, rather than at a smaller scale. 
Many folks are accustomed to Net Zero solutions at an individual building scale, but taking it to a higher level brings some challenges as well as opportunities.
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reduced 
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US Army Net Zero Program 

Presenter
Presentation Notes
To put it graphically, Army Net Zero energy consists of two elements.  
First, and highest priority, is a reduction of energy demand by 50% through conservation.  This includes behavioral changes, like turning off lights, turning down thermostats, closing windows in winter, etc.  
But it also includes technology solutions, like installing lighting controls with proximity sensors, thermostats with window sensors, relamping with LED bulbs, and a host of other conservation measures.
I won’t be spending time on that aspect in this talk, but suffice to say that our Net Zero projects include complete ASHRAE Level Ii audits all the way through identification of specific ECMs and project economics on the conservation side of things.
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US Army Net Zero Program 
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The second part is increasing renewable energy supply, by either generating renewable energy within an Army installation, or by obtaining renewable energy from other sources nearby.  
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US Army Net Zero Program 
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The target is to have renewables meet 100% of their energy demand across the entire Army community.



 Community features
 Wide range of installation types
 Demographics = small city

Army Communities 

Presenter
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As I mentioned, Army Net Zero planning is ideally done over entire installations, which have many of the features of any community.
They typically have a broad mix of facilities, civilian and military personnel, and the demographics of a small city.  



Army Communities - Infrastructure 
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The infrastructure of the Army communities we’ve studied in Germany include a full spectrum of transportation, energy, communication, and utility services, mixed use facilities….



Army Communities - Residential 
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Residential neighborhoods….



Army Communities - Schools 
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Schools….



Army Communities - Commercial 

Presenter
Presentation Notes
And large commercial and retail areas….



Army Communities 
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Presentation Notes
And they can also have some unique features, like secure information facilities (SCIFs) or motor pools for combat vehicles….



Army Communities 
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As well as live-fire training areas with helicopter landing zones, airspace restrictions, and complex air operations…..



Army Communities – Germany 

8 projects underway 

Presenter
Presentation Notes
The Army maintains a number of installations in Germany, and we’ve been doing Net Zero planning at six of these communities over the past two years. Some of the lessons learned in this talk are from those projects.  

The Germany installations are clustered into several garrisons, such as the Bavarian Military Community that includes four installations at Grafenwoehr, Vilseck, Garmisch, and Hohenfels.  Our studies have used identical methods for all locations, which has allowed apples-to-apples comparisons and project clustering between multiple installations.



Net Zero at the Community Level 

Diverse installations/Regions 
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This clustering of communities is a critical thing to keep in mind for system-wide energy planning.
It’s important to recognize that not all communities might actually make it to Zero.  
Some locations can reduce their demand, but may have limited renewable energy resources available
Others, especially in rural areas, may not use much energy but might have tremendous wind and solar power resources 



Net Zero at the Community Level 

Diverse installations/Regions 

Collective Net Zero 

Presenter
Presentation Notes
For these reasons, one should consider the larger definition of community, where each local installation and region contributes toward the overarching Net Zero goal.  
In our work, that’s been an important concept not just to reassure individual installations if they fall short of a generation goal, but to enable project planning and funding at a clustered or system level.



Net Zero at the Community Level 

Collective Net Zero 

• Clustered Project planning and funding
• Geographic footprint
• Energy diversity
• Portfolio approach

Presenter
Presentation Notes
For an organization like the Army, a large geographic footprint also provides a diverse source of energy across multiple regions.  This “portfolio” approach to energy is followed by many private developers now, who know that the wind and sunshine is not always consistent in one region. 
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So let’s turn to some approaches and methods we’ve been using for the Army Net Zero projects.  



Planning Approaches3 
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I just mentioned embracing diversity across a community system. 
As you just heard, for energy security it’s important to consider a diversified fuel mix, just like diversifying the holdings in your retirement account. 
Renewables often generate peak power at different times, and we prefer balanced power delivery. 
At the installation level, you need to consider the full spectrum of solar, geothermal, biomass, hydropower, and wind. 
But some renewables may be feasible at a location, and others not.   And that’s the analysis needed when you kick off a Net Zero study.



Planning Approach 
Resource analysis: 
 Solar PV
 Wind
 Biomass/Biogas
 Geothermal
 Hydropower
 Solar thermal

Data collection 
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Presentation Notes
The first step in our renewable planning is determining what energy resources are actually available, and in what quantities. 
It makes no sense to go through detailed modeling and financial analysis for a micro-hydropower plant if there’s no flowing water on a site. 
This step involves compiling data, making site visits, and evaluating the amount of wind, sunshine, geothermal reservoirs, rivers, soil types, and biomass feedstock that exist in the area. 



Planning Approach 
Technology/resource analysis: 
 Solar PV
 Wind
 Biomass/Biogas
 Geothermal
 Hydropower
 Solar thermal

 Technical Feasibility/Site Suitability:  
 Distributed  rooftop PV
 Utility ground-mount PV
 Utility Wind power
 CHP retrofits to biomass
 Ground loop/heat pumps
 Biogas/Landfill gas
 Microhydro

Production Modeling 
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Once we determine the presence and level of resource, the next step is looking at specific technologies in more detail, running energy production models, and identifying any technical limitations.  
At this stage, nothing is off the table, even if there could be eventual opposition from stakeholders.



Planning Approach 
Technology/resource analysis: 
 Solar PV
 Wind
 Biomass/Biogas
 Geothermal
 Hydropower
 Solar thermal

 Site Suitability/Energy Modeling:  
 Distributed  rooftop PV
 Utility ground-mount PV
 Utility Wind power
 CHP retrofits to biomass
 Ground loop/heat pumps
 Biogas/Landfill gas
 Microhydro

 Sustainability Analysis: 
 Environmental constraints
 Social impacts
 Economic benefits/costs
 Stakeholders

Impacts 

Presenter
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The third step is a sustainability analysis that looks at the impacts or constraints that might affect a particular technology or approach, from environmental, social, and economic perspectives.  
This is often the most time-consuming stage, but also the most critical in terms of a successful program.  It’s effectively a multi-variant analysis.



Planning Approach 
Technology/resource analysis: 
 Solar PV
 Wind
 Biomass/Biogas
 Geothermal
 Hydropower
 Solar thermal

 Site Suitability/Energy Modeling:  
 Distributed  rooftop PV
 Utility ground-mount PV
 Utility Wind power
 CHP retrofits to biomass
 Ground loop/heat pumps
 Biogas/Landfill gas
 Microhydro

 Action Plan 
 Project identification
 Funding
 Project ranking
 Community support

 Sustainability Analysis: 
 Environmental
 Social impacts
 Economic benefits/costs
 Stakeholders

Roadmap 
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As a final step, individual technologies and feasible projects are carried forward into a plan that prioritizes and coordinates projects, identifies funding sources, and engages the community in supporting project execution.  
This provides the community with a roadmap to achieving Net Zero over a set period of time, and lays out the costs and benefits of their decisions.




Planning Challenges 

 Data adequacy
 Long-term plans and shared visions
 Available funding
 Balancing use of spaces
 Best financial returns
 Highest level of energy production
 Least environmental impact
 Least social/operational impact
 Highest sustainability rating

Presenter
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Of course, there are a lot of challenges in the process.  Balancing all of these is never easy, and that’s why stakeholder involvement and education, blended with solid technical analysis, are critical elements.



End Results – Real Action Plans 

• Consistent approach
• Data and reasoning
• Community input
• Roadmap and projects

Presenter
Presentation Notes
The final plan should represent a methodical, consistent approach that provides solid data and reasoning, opportunities for community input, and results in concrete action plans and actual projects to execute.



End Results – Real Action Plans 

Bldg # Description Date Roof Type 
Roof 

Azimuth 

Available 
Roof Area 

(Sq M) 
Capacity 

(kW) 
Yield 

[MWh/yr] 

Annual 
savings 
($/yr) 

 Capital Cost 
(USD) 

 Simple 
Payback 

(Yrs) 

141 Eng/Housing Mnt 1991 Metal 174 809 120 124 $19,607 $336,000 17 

618 CO HQ Bldg/Billets 1991 Tile 202 464 32 32 $5,114 $88,200 17 

616 Phys Fit Ctr 1991 Tile 223 881 111 109 $17,287 $309,960 18 

607 Recreation Ctr 1991 Tile 223 274 36 36 $5,622 $100,800 18 

400 Billets 2006 Tile 135 545 81 79 $12,565 $226,800 18 

401 Billets 2007 Tile 135 545 81 79 $12,565 $226,800 18 

Bundle appropriate projects for 
Execution Plan 

P1 

P
2

P
3

Project Bundling and Ranking 
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For the Army, this means including a specific list of renewable energy projects with budgets, equipment specifications, and locations as part of the Net Zero Study.
With consistent, standardized methodology, the results can also be rolled up to clustered levels to achieve economy of scale
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Lessons Learned 

36 years 
How long it takes to recoup the investment in 
a rooftop solar thermal system for a typical 
Army family housing unit in Bavaria 

USAG Bavaria Net Zero studies 
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Let’s now turn to some lessons learned from our recent work.



1. Performance benchmarking

2. Master plan conflicts

3. Unintended consequences

4. Stakeholder opinions

Lessons Learned 

Presenter
Presentation Notes
There are four lessons I’d like to share with you, which are not unique to just the projects we’ve been working on.  
Each involves a specific renewable technology and some challenges posed by it.





1. Performance benchmarking

2. Master plan conflicts

3. Unintended consequences

4. Stakeholder opinions

Lessons Learned 

Presenter
Presentation Notes
These involve solar, geothermal, biomass, and wind.





1. Performance Benchmarking

Need: 
• Diversity of energy
• Realistic look at resources
• Practicality of technologies

Do: 
• Performance benchmarking

Presenter
Presentation Notes
As our chicken friend suggested earlier, it’s good to consider a mix of technologies when looking at renewables.  But you need to look hard at real-world performance when considering options.




1. Performance Benchmarking
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For our Net Zero projects in Germany, we looked closely at actual solar performance where the Army had already installed solar PV and solar thermal systems.  
We’ve looked at actual solar insolation data for each site, from local airfield weather data, to model monthly theoretical PV generation potential, shown here in yellow.  Not surprisingly, there’s more sun in the summer than in the winter.



Performance Benchmarking 
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Next, we overlaid the actual electricity production from one of their PV systems to evaluate performance efficiency, shown in red.
In this case, the PV systems are nicely matching the available sunlight, and are performing as expected for this region in Bavaria.



Performance Benchmarking 
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2013 Monthly Average Solar Radiation vs. Thermal 
Production, Building 120 
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Now look at this chart, showing the same solar radiation data, but with production data from an existing solar thermal hot water system overlaid.  
Unlike the PV systems, it did not capture much more energy in the summer than in the spring or fall, and as a result is performing poorly as an investment.   
We saw similar patterns for other solar thermal systems installed on dining halls, gyms, family housing, and large barracks. 
The key factor was water throughput.  Unlike PV, which can generate more electricity with more sunshine, solar thermal energy capture is also affected by patterns of water use.  At a gym installation, we found that the community did not take more showers in the summer than the rest of the year, so their total energy capture was flat, and their project payback was very long.
Our recommendation was to look carefully at water use patterns before investing in a solar thermal system.



Roof-mounted Solar Siting 

?     or      ? 

Presenter
Presentation Notes
For this reason, when you’re looking at solar projects, it’s not simply a matter of which building orientations to consider when picking a site. 



* Roofs are valuable real estate. Use wisely.

NREL Research Support Facility 1 and 2 
• 222,000 square feet; LEED Platinum; 8 awards
• 1.6 MW PV – generates more power than consumed

Presenter
Presentation Notes
You also need to consider the best energy return for the space available.  




2. Master Plan Conflicts

Open Space Planning for Energy 
 Solar infill design
 Parking canopy PV
 Biomass fuel storage areas
 Energy storage battery arrays
 Geothermal open spaces

Presenter
Presentation Notes
A second lesson for us involved open spaces for renewable projects.  
Master Planners are now skilled at infill designs that consider solar orientation and shading for rooftop systems.  
But some renewable technologies need to utilize open spaces on the ground as well. 
We evaluated geothermal heat pump options for buildings, which require nearby open space for installing fluid circulating systems.





Geothermal Siting 
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We looked at individual high-use buildings that might utilize radiant floor heating, like child development centers, schools, libraries, dining halls.  



Geothermal Siting – Horiz Loop 
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We didn’t need to find enormous areas for horizontal loop systems, which would be appropriate for very large buildings.



Geothermal Siting - Slinky 

Heat 
production 

rate 
(BTU/hr) 

Potential 
annual heat 
production 
(MMBTU/yr) 

Loop 
Length 

(m) 

Surface 
area (m2) 

12,000 10 200  100 

120,000 100 2,000 1,000 

240,000 200 4,000 2,000 

Presenter
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Instead, we had more modest requirements.  We identified the BTU needs of candidate buildings and calculated the open space areas needed for appropriate slinky systems.



Land Use continued 

Geothermal Siting Analysis 
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Next, we looked at the potential land use constraints on open spaces adjacent to those buildings.  In most cases, the existing surface activity could be maintained, like a playground, or open field, or even a parking area.  That was encouraging to everyone.



Long-Range Plans conflicted 

Geothermal Siting Analysis 

Presenter
Presentation Notes
But the long-range master plans often eliminated our geothermal open spaces due to planned future building expansions or military operations changes, demolition projects, or existing utility infrastructure.  Setting aside open spaces for underground use (other than for ammunition bunkers) was not a typical master plan design element.



Environmental precluded 

Geothermal Siting Analysis 

Presenter
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Environmental constraints often dealt a further blow to geothermal siting, especially in areas of contamination that couldn’t be excavated, or protected environmental conservation areas that couldn’t be disturbed.  Both are common in military installations.



* Consider multiple technologies in planning.
But you will still have conflicts. 

Ideal = Both 

Presenter
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In the end, we were successful at educating the planners and stakeholders about accommodating geothermal systems in future plans.  
We also identified design elements that could limit or dictate future space uses, like the use of permeable pavement surfaces that restricted the addition of PV parking canopies due to stormwater permit constraints. 
The take home message to planners is the need to consider a wide range of potential energy technologies when doing master planning at the large scale.  But there still will be conflicts and choices to be made.



3. Unintended consequences
Biogas and Biomass options 
 Agricultural feedstock
 Community owned and private facilities
 Plant siting is controversial

Presenter
Presentation Notes
A third lesson involved potential impacts outside our study areas.
Because many Army installations use natural gas for their central heating plants, the use of biogas is considered for Net Zero.  
In agricultural regions like Bavaria, there’s plenty of feedstock available, like manure from dairy farms, and so biogas digester plants have been built to generate biogas.



Unintended consequences - Biogas 
 Odors, traffic, sourcing radius, transportation
 Corn production – monoculture
 Biogas price 2x natural gas
 Sustainability scoring is mixed

Presenter
Presentation Notes
But in several instances, there have been unintended consequences with both social and environmental impacts.

As we reviewed biogas options for one Army installation, we learned that a relatively new plant in a nearby town had underestimated its economic model and was not able to get enough feedstock from the local dairy farmers, and so it had to reach further for feedstock to meet increased production goals.    
This resulted in more noise, increased noxious odors, and more truck traffic through the community, as well as higher transportation costs. 
More importantly, local farmers realized that corn was more valuable as a feedstock than their existing crops, and thousands of acres have been shifting from traditional diverse crops and converted solely to corn production.  



• Feedstock analysis 
– Long term supply and 

pricing 
– Chips versus pellets 
– Transportation issues/traffic 
– Sustainable harvesting? 
 

• Fuel management 
– Onsite storage/handling 
– Energy security 
– Noise impacts 
– Air emissions 

Biomass challenges–CHP/Cogen 

Presenter
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We’ve also been evaluating biomass plants for several installations looking at retrofits of central heating plants, or for new CoGen facilities.
Feed stock is the most critical element to evaluate, because the choice of wood chips versus pellets has both local and distal effects. 
In Bavaria, the local forests are closely monitored for sustainable harvesting, and wood chips may be an attractive fuel source.  But trucking long distances has consequences as well.
Hardwood pellets have higher heat content and be more attractive for production, but if they are produced in the Czech Republic, are we sure they’re being sustainably harvested?  Does that matter to you?
Onsite fuel storage and management also can have impacts on surrounding neighborhoods, with chip handling equipment noise, delivery traffic, and air emissions from the plant.
  



• Sustainable harvesting?
• Agriculture effects?
• Fuel security?
• Noise and traffic?
• Air emissions/odors?

* Consider impacts beyond your own
neighborhood.  

Presenter
Presentation Notes
The lesson for us here was to look far beyond the borders of our study community, to see if our decisions could have impacts outside our neighborhood.  




4. Stakeholder Opinions

Presenter
Presentation Notes
We saw this cartoon at the start of my talk, but I want to put it in perspective with regard to my final lesson learned: stakeholder opinions about renewable projects.



Appropriate Siting 

Presenter
Presentation Notes
There are some locations that make complete sense for a renewable project, and see little stakeholder opposition.



George Kendrick CPG, Senior 
Principal 
Stantec Consulting Services Inc. 

Not Appropriate Siting 

Presenter
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And then there are other places that everyone agrees would be inappropriate.



Wind Power Siting Challenges 

– Turbulence
– Noise/setbacks
– Wildlife mortality
– Constructability/foundations
– Regulatory restrictions
– Visual impacts/NIMBYism
– Operational conflicts - Air Ops

Presenter
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For wind power, there are a host of siting challenges: 
Some are directly measureable, like noise levels, or having suitable soils for foundation construction.
And some are highly subjective, like visual impacts that are the subject of cartoons about NIMBYs. 
But in our recent projects for the Army, we’ve been working with stakeholders who offer a unique set of opinions and information.



Wind Power Siting Challenges 

Presenter
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And that involves military air training operations within the Net Zero study areas.



Presenter
Presentation Notes
Suggesting a wind project where the Army has air operations is a brave move.  The initial reaction from an Air Ops commander is usually “You’re kidding, right?”

But engaging the key stakeholders and decision makers as partners in a creative discussion can open up options, and helps the planning process be more accurate and realistic.




Military Operations/Communications 

Presenter
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So we posed the question a different way: if the Pentagon ordered you to put in two wind turbines here, where could they go?   
After pausing, the commander pulled out a map and began drawing circles.  “Well, we have two no-fly zones at the comm tower area, over this section of the garrison, and above that ridge.  We need to maintain 1500 meter minimum flight heights above ground on the entire training perimeter and along these three corridors here, so that would be well above turbine heights.”



Potential Wind Siting Solutions 

1 
2 

3 

Presenter
Presentation Notes
OK, so it appeared that there were some possibilities. And because a three-turbine wind project could meet over 50% of the installation’s total electricity demand, such a project may be back in consideration for more study.




 Get Leadership buy-in
 Educate planners
 Respect local knowledge
 Challenge conventional wisdom
 All options on the table initially
 Iterative process – reality checks and

feedback

* Engage and Educate Stakeholders.
They may have solutions. 

Presenter
Presentation Notes
Our take-home lesson from that exercise is the value of stakeholders to your planning process.  This is nothing new to planners, of course, but it’s even more important when looking at energy choices that may have significant impacts on a community’s economics and appearance for a long time.



Making Choices – Process is Key 

• Consistent methods of analysis
• Stakeholder engagement and

education
• Broad community perspective
• Long-term vision
• Shared roadmap to success

Presenter
Presentation Notes
I’d like to leave you with this final thought:

One of the key lessons we’ve learned from our Army work is the importance of the process:
A consistent and standardized method of data collection and analysis
combined with open engagement and education of stakeholders
across multiple communities
And with a long-term view

Can produce a shared roadmap for successful renewable projects.

All of us here can make that happen, on a larger scale.







Questions? 

Tom Phelps, P. E., P. Eng. 
Principal, Combined Heat & Power / District Energy 

Stantec Consulting 

tom.phelps@stantec.com 

Presenter
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I appreciate your attention, and look forward to the rest of our sessions.
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