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As shown, the performance areas create a virtuous cycle of positive action. Effectively integrating physical 
resources such as energy, water, and materials in closed-loop systems creates economic, social and environ-
mental benefits. This attracts new investments, industries and employment opportunities. If managed according 
to restorative standards, this new local economy improves residents’ quality of life, which in turn strengthens 
culture and identity. 

Through its integrated approach, restorative development generates the following outcomes: 

• Resilient and climate-proof infrastructure
• Zero-emission energy, water, materials and food infrastructure
• Energy, food and water security
• Resilient and green local economy with new jobs and career pathways
• Incentives for local developers and industries
• Increased economic, social and environmental equity across all sectors

To assess performance, Yorth uses its proprietary Restorative City StandardTM. The Standard 
has 11 performance areas, each with goals and key performance indicators (KPIs). When 
these are managed systematically and synergistically, net-positive results can be achieved. 

Restorative Development: Full Resource Integration to Power a New 
Local Economy  
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FROM 
Centralized energy production 
reliant on fossil fuels

TO
Renewable energy production that is 
within local control and integrated with 
other resources

KEY TAKEAWAYS • In 2018, renewables accounted for 25% of the electricity mix in Minnesota, while 38% of 
the overall production came from coal. 

• When looking at the entire energy sector beyond electricity, renewables made up only 7% 
of Minnesota’s energy consumption in 2017, with 75% of energy still coming from fossil 
fuels.

• The City of Minneapolis’ 100% renewable electricity goal for 2030 differs from the goal 
set by the State of Minnesota and Xcel Energy, which aims to provide 100% carbon-free 
energy by 2050.

SUMMARY 

Hydrogen made from 
water can serve as a 
new kind of energy 

carrier that can capture 
energy that would 
otherwise be lost. 

Half of all energy 
used in the 

industrial sector 
escapes the 
system, most 

notably through 
heat. 
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The following overview shows the connectivity between energy and the 
other ten performance areas, illustrating the need and value to be gained by 
redesigning these linear systems into one that is restorative and circular.
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Having been born into a world powered entirely by fossil and nuclear fuels, Minneapolis 
residents born in 1990 will see an incredible change in the energy sector over their 
lifetime. Not only might they be able to see the transition to 100 percent renewable 
energy, but they may witness incredible efficiency gains as zero-emission transportation 
becomes the norm, and as energy use in industrial sectors is changing in a way that may 
resemble another industrial revolution.  

The evolution of the energy system is highly 
dynamic and seems to have reached a tipping 
point in recent years, even as a myriad of 
players are moving at different speeds. With 
the urgency of climate change looming and 
federal action delayed, local governments 
are setting ambitious renewable energy and 
emission reduction goals even though they 
may not yet have a clear pathway in place. At 
the same time, utilities are setting goals that 
may not be as aggressive but are ambitious in 
their own right given their business models, 
power plant life cycles and investment 
timelines. 

As the energy sector is preparing for change, 
it presents an opportunity to look at building 
new infrastructure through a holistic lens, 
rather than silos. Many countries leading in 
renewable energy are learning this the hard 
way, as they realize that getting to cleaner 
electricity was the easy part but making 
the same progress in transportation and 
heating is not. What’s more, there is no one-
size-fits-all approach. Minneapolis is in a 
unique position, as it tries to balance climate 
leadership and racial equity goals with a 
relative scarcity of natural resources and 
harsh winters. 

ENERGY 
the pulse of life
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1. Energy in Minneapolis

1.1 System Characteristics & Existing Infrastructure

Minneapolis receives the vast majority of its electricity and natural gas supply from XCEL 
Energy and CenterPoint, the two largest investor-owned utilities in the state. Therefore, the 
composition of energy consumed in Minneapolis generally mirrors the characteristics of the 
state’s energy system. 

Minnesota, a net-importer of energy with 13% of its electricity coming from out of state, falls 
below the US average for in-state generation. However, current trends show that the share of 
electricity imports is decreasing.1 With no natural resources of its own, the state imports 100% 
of its natural gas, coal, and petroleum from other states and Canada. This means that except 
for ethanol, the transportation and heating sectors are entirely dependent on domestic and 
international imports. 

In 2018, renewables accounted for 25% of the electricity mix in Minnesota, while 38% of the 
overall production came from coal. For comparison, coal supplied 23.5% of electricity in the 
United States in 2019. Xcel seeks to phase out coal entirely by 2030, and is proposing the 
construction of a new natural gas plant to replace some of that capacity and ensure reliability. 
However, XCEL’s recent purchase attempt of another natural gas plant was rejected by the 
Minnesota Public Utilities Commission (MPUC), because of the potential risk of the plant 
becoming a stranded asset when renewable energies financially outperform the estimated 
operational costs of gas over the next decade.2 These two concurrent trends—falling costs of 
natural gas and of renewable energies—are on a collision course in regions all over the United 
States as utilities and regulators debate the most economic path forward. 
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1.2 Rates and Affordability

In terms of energy use, Minnesota ranks 18th with regard to total per capita energy 
consumption, and 24th with regard to per capita energy expenditures at $3,604 per person per 
year3. Energy costs for both electricity and gas in Minnesota have long been below average, 
until 2016, when residential electricity rates surpassed the national average for the first time. 
(Commercial and industrial rates continue to be slightly lower than the U.S. average.) Since 
Minnesotans continue to consume less energy than the U.S. average, monthly bills continue 
to be below the national norm.

However, given that Americans have long enjoyed abundant and affordable energy sources, 
Minnesota’s below-average consumption is relative. The total average monthly electricity 
bill for Minnesota households was $103.34 for 2018, the last year for which complete data 
is available from the U.S. Energy Information Administration (EIA)4. The rate in 2019 was 
13.4 cents/kwh. In Germany, which is committed to phasing out coal and nuclear energy 
entirely, the average rate is to 33 cents/kwh5, of which half is determined by competition 
between providers, and the other half by various taxes. Over the past 15 years, Germans have 
seen an increase of 81% in rates in order to finance renewable sources of energy, nationally 
and within the European Union. Surprisingly, the average monthly bill is just $100.226. 
Although Germans and Americans have different lifestyles, this comparison seems to suggest 
that there is a certain price elasticity of demand and that significant reductions in electricity 
consumption are possible without sacrificing quality of life.

Average monthly consumption (kwh)  Price (per kwh)  Average Monthly Bill

Minnesota   786  $0.13   $103.34
Germany   292  $0.33    $100.22

Electricity Costs: Minnesota vs. Germany 
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2. System Vulnerabilities: Embedded Losses and 
Catastrophic Failures

2.1 Embedded Losses

Even as states, municipalities, and utilities seek to decarbonize the energy sector, they 
continue to operate in a linear system that was born out of an abundance of comparatively 
cheap fossil resources. While no energy system can reduce losses completely, the current 
system is one where more than half of energy is lost during generation, delivery, and use, 
mostly in the form of heat. The Lawrence Livermore National Laboratory publishes annual 
flow charts that offer a visualization of the entire U.S. energy system, where 33% of energy 
is consumed and 67% escapes the system as “rejected energy.” For Minnesota, the last such 
analysis was done in 2014, with the state showing a slightly “better” ratio of 43% energy 
used and 56% energy rejected. This is largely due to higher-than-average efficiencies in the 
industrial sector due to the state’s relative lack of heavy manufacturing industries. 

With 66% of electric energy and 75% of vehicle fuel escaping as unused heat, the state has 
much to gain from rethinking how to deploy new technologies and closed-loop designs in 
these systems. There is potential for Power-to-X applications to close loops by converting 
energy that would otherwise be lost as heat into liquid and gas fuels. As one of the most 
promising technologies, hydrogen made from water can serve as an energy carrier and 
the key to unlocking a new scale of energy integration between sectors, such as industry, 
transportation, and building heating and cooling.

All energy produced in the United States

Used Energy
33%

Rejected Energy
67%

Residential Commercial Industrial Transportation

39% 34% 49% 79%

Source: The Lawrence Livermore National Laboratory
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2.2 Increased Risk of Catastrophic 
Failure

Minnesota participates in the 
Midcontinent Independent System 
Operator (MISO), a regional transmission 
organization that coordinates electricity 
transmission across multiple states from 
Manitoba, Canada, to the Gulf of Mexico. 
Regional transmission organizations such 
as MISO were created to ensure efficient 
and reliable transmission of power across 
state borders. Like most American cities, 
Minneapolis receives its electricity from 
this multi-state regional distribution grid, 
with only 3.5% of generation taking place 
within city limits. (The city is targeting an 
increase to 10%.)

However, increasing scale to increase 
reliability comes at the cost of heightened 
risk of failure at the systems level. 
Because of its centralized nature, the U.S. 
power system is vulnerable to systemic 
failure in case of catastrophic events. 
In 2018, the National Infrastructure 
Advisory Council (NIAC), which 
included XCEL’s CEO amongst other 
utility representatives, was asked to 
examine the nation’s ability to respond 
to and recover from a catastrophic power 
outage of a magnitude beyond modern 
experience. It came to the following 
conclusion: “…[W]e found that existing 
national plans, response resources, 
and coordination strategies would be 
outmatched by a catastrophic power 
outage. This profound risk requires a new 
national focus. Significant public and 
private action is needed to prepare for 
and recover from a catastrophic outage 
that could leave large parts of the nation 
without power for weeks or months, 
and cause service failures in other 
sectors— including water and wastewater, 
communications, transportation, 
healthcare, and financial services—that 
are critical to public health and safety and 
our national and economic security.”7 
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3. City of Minneapolis: Towards 100% Renewable 
Electricity

In 2018, Minneapolis joined hundreds of 
global cities by committing to obtain 100% 
of its electricity from renewable resources 
by 2030. The city established an additional 
goal to ensure that 10% of electricity will 
be locally produced and directly purchased. 
Worldwide, 100 cities, including U.S. cities 
such as Aspen, CO, Burlington, VM, and 
Seattle, WA, already source at least 70 
percent of their electricity from renewables.8 
(Note that the information is self-reported 
and may include waste-to-energy and 
renewable energy credits depending on each 
city’s definition of “renewable.”)

The City of Minneapolis’ 100% renewable 
electricity goal exceeds those set by the state 
of Minnesota and Xcel Energy. Together, 
the state and the utility provider have set a 
goal of providing 100% carbon-free energy 
by 2050, allowing non-renewable options 
in the form of carbon-free technologies that 
have yet to be commercialized. In the near 
term, Xcel is mandated to provide 30 percent 
renewable energy and 1.5% solar by 2020 

and aims to increase the share of renewables 
in the Upper Midwest to close to 60% by 
2030. 

Xcel was the first large utility in the United 
States to announce a carbon-free goal, after 
having already made some progress in 
decarbonizing its grid. In Minnesota, Xcel 
has reduced reliance on coal from 65% in 
1990 to 38% in 2018, and increased wind 
energy production from 1% to 18% over the 
same period, with much of the growth taking 
place in the last 10 years. In 2018, 25% of 
XCEL’s grid was provided by renewable 
sources. Depending on whether the definition 
of renewables includes hydropower and 
or ethanol, this mix puts Minnesota in the 
top fifth of renewable energy share in the 
country, with additional room to grow. For 
example, wind has become economically 
viable without subsidies across much of the 
Midwest, which now allows comparable 
states like Kansas, Iowa, and North Dakota to 
obtain over 50% of their power from wind.9
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In 2018, Minneapolis was powered by 
26.3% renewable energy, slightly more 
than Minnesota’s average. This is due to 
3.9% of electricity coming from local and 
directly purchased renewable sources, 
namely community solar gardens and other 
renewable programs offered by Xcel. In 
2018, over 100 new community solar gardens 
were added state-wide, bringing community 
solar to 508MW, the most of any state in the 
nation. By subscribing to various renewable 
energy programs, Minneapolis is on track 
to reach its operational goal, which consists 
of obtaining 100% renewable energy for its 
municipal operations by 2024.

However, the city has less control over 
the outcomes of its community-wide goal.  
With Xcel aiming to supply close to 60% 
renewables by 2030, the City of Minneapolis 
will have to find ways to bridge the gap to 
reach its 100% renewable electricity target in 
the same year. 

Environmental groups have criticized 
the city for allowing Renewable Energy 
Credits (RECs) as an option to reach this 
goal, highlighting the challenge the city 
is facing as it seeks to balance the need to 
demonstrate clean energy leadership, while 
acknowledging on-the-ground realities about 
the feasibility of 100% renewable electricity. 
From a restorative perspective, the city could 
benefit from taking a holistic approach that 
links strategies and creates optimal flows 
between all assets – water, energy, food and 
materials – rather than focusing on a single 
metric in a single area. 

With Xcel aiming to supply close to 
60% renewables by 2030, the City of 
Minneapolis will have to find ways to bridge 
the gap to reach its 100% renewable 
energy target.
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4. Heating + Cooling:  
The Forgotten Sector?

Minnesota is part of the United States 
Climate Alliance, a group of 25 states that 
have committed to reaching the targets set 
by the Paris Climate Agreement even after 
the federal government withdrew from it in 
2016. Minnesota has a goal of reaching 100% 
carbon-free electricity by 2050 and shares a 
goal with the City of Minneapolis to reduce 
greenhouse gas emissions by 80%. While 
the electricity goal is on track, the trajectory 
of the transportation and building sectors 
(heating and cooling) is uncertain. This is 
significant because they account for 64% of 
all emissions in the City of Minneapolis10. 

When municipal, state, or national 
governments set goals for a transition to 
clean energy, public discourse typically 
focuses on electricity, often overlooking 
the contributions of other sectors, such 
as transportation, and buildings. While 
renewable energies have made great inroads 
in Minnesota, when looking at the entire 
energy sector beyond electricity, wind and 
other non-biomass renewables made up only 
7% of Minnesota’s energy consumption in 
2017, with 75% of energy still coming from 
fossil fuels. 

Other countries have begun to reckon with 
the true magnitude of change required. In 
Germany, for example, leaders also first 
focused the conversation on electricity, 
allowing the country to quickly scale 
renewables to 42.1% of electricity 
consumption in 201911. However, it has 
become clear that the country is not on 
track to reach its Paris Climate Change 
Agreement goals outside of electricity, 
namely in the transportation and building 
sector. While experts are optimistic that 
the transportation sector can course-correct 

with greater uptake of electric vehicles, 
concerns persist over the building sector. 
Consequently, a new vocabulary has entered 
the public mainstream, with the notion of 
“Wärmewende” (heating transition) adding a 
new dimension to the word “Energiewende” 
(energy transition).  

To meet emission goals by 2050, 3.3% 
percent of all German buildings would 
have to be retrofitted each year, compared 
to a current rate of 1%. Since retrofits are 
already happening and any building that will 
be retrofitted today will live until 2050 and 
beyond, this means a decision is overdue on 
which path to take to decarbonize building 
heating. The path has narrowed to two 
options currently under consideration by 
the government: 1) heat pumps powered by 
renewable energy, and 2) hydrogen-based 
synthetic fuels. While hydrogen-based 
power-to-gas has the advantage of reusing 
existing gas distribution infrastructure, in 
absence of decisive political action, heat 
pumps are likely to come out ahead in 
the residential sector, since they operate 
independently on electricity and are 
commercially available for any individual 
household. 

Both the City of Minneapolis and the state 
of Minnesota, along with utility companies, 
are making significant efforts to improve 
building efficiency. How these efficient 
buildings will be powered in 2050, however, 
is less clear. A 2018 study commissioned by 
the McKnight Foundation stated that, “to 
decarbonize the MN economy 80% by 2050 
compared with 2005 levels, the electricity 
sector must decarbonize by 91% and serve 
new heating and transportation demands as 
those sectors electrify”12, but it is unclear 
how this electrification will happen.

In Germany, affordable air-sourced heat 
pumps are a viable option for most single 
residence households, but given Minnesota’s 
cold winters, the same may not apply here. 
With current technology, to use a heat pump 
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without back up, homeowners would have 
to opt for much more costly ground-sourced 
heat pumps to ensure reliable heating. At a 
cost of upwards of $30,000 for such single-
home geothermal heating13, it is likely that 
Minnesota homeowners who are currently 
updating appliances are sticking with 
existing technologies, replacing a natural 
gas furnace with another natural gas furnace, 
for example, setting their homes on a fossil 
pathway for decades to come. 

The potential barriers to electric residential 
heat pumps make hydrogen an even more 
attractive option to explore for the City of 
Minneapolis and Minnesota as a whole. 
CenterPoint Energy, the state’s largest 
natural gas supplier, anticipates that over 
time, the source and chemical composition 
of the energy that they distribute will 
transition from geologic fossil fuel to a 
blend of natural, bio-methane (RNG) and 
hydrogen (power to gas). In the immediate 
term, the utility has filed a petition with the 
Minnesota Public Utilities Commission to 
allow Minnesota producers of renewable 
natural gas (RNG) to connect to CenterPoint 
Energy’s distribution system.

In addition to hydrogen potentially meeting 
single residential needs, geothermal heating 
in Minnesota remains a promising option 
on a district scale, and for multi-family and 
commercial buildings. A 2016 study on the 
potential of Aquifer Thermal Energy Storage 

(ATES) for the former Ford site in St. Paul 
concluded that the Minneapolis-St. Paul area 
has excellent climatic and hydrogeologic 
conditions for ATES; and that an ATES is 
advantageous to a gas-fired district heating 
and cooling system from a financial, 
emissions, and resource use perspective.14 
In Minneapolis, the Towerside Innovation 
District is working with its partners Ever-
Green Energy and Underground Energy, 
along with local developer, The Wall 
Companies, on an aquifer thermal ATES 
system for its 17-acre Malcolm Yards project 
which will house a food hall, several housing 
buildings and two office buildings. While the 
concept is common in European countries, 
such as the Netherlands, Sweden, and 
Denmark, this project is a first in the United 
States in terms of its scale. The project is 
awaiting a decision by the city council to 
back it financially through the sale of bonds.15 

Whether through hydrogen or geothermal 
applications and heat pumps, a look into 
the future of heating (and cooling) brings a 
new resource into focus: water. These new 
technologies are promising, closed-loop 
alternatives to today’s linear fossil-fuel-
based systems, but only if water is abundant. 
Whether it’s from rainfall or from previous 
use, it should be treated as a resource in the 
local economy, rather being  discarded into 
the river and sent downstream. 

RESTORATIVE SPOTLIGHT: 

Since hydrogen, made from water, is a carrier of renewable energy, increased hydrogen 
adoption will drive up renewable electricity demand, creating interesting new ways for 
electricity and gas utilities to partner. In an ideal restorative development, electric and 
gas utilities would over time merge into a resource utility that manages multiple assets 
such as electricity and water in continuous closed loop cycles. Ultimately these resource 
utilities would manage full sector integration, as they leverage “Power to X” technologies 
to link power, heat and gas networks as well as the mobility sector and industrial 
applications in synergistic ways.16
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