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Editorial on the Research Topic

Positive Energy Districts: Transforming Urban Areas Into High Efficiency Districts With Local
Renewable Generation and Storage

Positive energy districts have emerged as a new paradigm of next generation city building, where
energy is fully supplied from renewable sources (Brozovsky et al., 2021). Different definitions of
the spatial boundaries are still in discussion: an autonomous positive energy district supplies 100%
or more of its own energy demand and any excess energy is exported to the grid (Lindholm et al.,
2021). This concept works in low density districts with large available surface areas for renewable,
mostly solar photovoltaic generation, and low demand. In a dynamic positive energy district, energy
can be imported and exported from the grid, but the on-site renewable generation must still be
higher than the demand. Again, if the urban density is high and the areas for power generation on
roofs and fagade limited, this concept has its limits. The most flexible definition is a virtual positive
energy district, where renewable energy can be freely imported and exported, but does not have
to be produced on site. Here questions of renewable ownership and power purchase agreements
arise to make sure that new renewables are built to satisfy the demand of a district (Pan and Pan,
2021). Some further differentiations are available with regards to the metric of the balances: overall
carbon neutrality is indicated as a priority in some formulations of the positive energy district
definition (i.e., in the EU Setplan) in addition to the focus on surplus renewable energy generation
(Derkenbaeva et al., 2022).

Positive energy districts thus have to consider both the demand side and the supply and storage
options: only if demand is low by retrofitting existing buildings to high energy standards, can
local renewables make significant contributions. In today’s urban discussion, densification and a
resulting demand increase is very much on the agenda, as only dense urban areas can provide
public and active transportation and thus overall low greenhouse gas emissions.

The ongoing transformation of the transportation sector to electric vehicles adds local electrical
loads to the low voltage distribution network, which can only be reduced by higher public
transportation shares. Together with the electrification of heating systems, urban electricity
demand is on the rise and its evolution needs to be carefully analyzed to find supply solutions
that can cover changing demand (Yuan et al., 2021).

Different options of renewable supply then need to be studied to determine the best energy mix
between solar, wind, or waste to energy and to optimize the required storage volume. Options range
from short to seasonal storage and strongly depend on the spatial boundaries discussed above: for
an autonomous positive energy district, storage units need to increase in size, as the local demand
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must be supplied at all times. This increases the overall cost of the
installation, but also the local resilience in cases of power outages
(Petkov et al., 2021).

To support the decision making around demand reduction
and renewable supply and storage in a complex district scale
setting, new simulation and optimisation tools are needed.
Digital twins of the built environment are increasingly used to
provide geometry information for building demand modeling,
but also to manage data sets of construction and usage.
Automated workflows need to be developed to facilitate both
demand and supply modeling and the optimisation tasks for
planning and operation of such renewable systems (Abolhassani
et al., 2022).

But the implementation of positive energy districts does
not only encounter technical and financial challenges, but
needs new frameworks to also offer a socially inclusive and
affordable perspective for the residents, so that gentrification is
avoided and the districts are mixed and vibrant (Hearn et al.,
2021). Furthermore, all stakeholders’ needs should be taken in
consideration in an integrated social perspective, in addition to
pursuing environmental sustainability and circularity practices
and exploring new and innovative business models tailored to the
aforementioned issues.

Case studies on a neighborhood scale still play an important
role to assess performance, economics and engagement of the
community. If the success of such case studies in different
regions, climates, and social conditions can be shown across the
world, positive energy districts will become a major driver of
urban decarbonisation.
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