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Abstract: In Germany, the current sectoral urban planning often leads to inefficient use of resources,
partly because municipalities lack integrated planning instruments and argumentation strength
toward politics, investors, or citizens. The paper develops the ResourcePlan as (i) legal and (ii) a
planning instrument to support the efficient use of resources in urban neighborhoods. The integrative,
multi-methodological approach addresses the use of natural resources in the building and infrastruc-
tural sectors of (i) water (storm- and wastewater) management, (ii) construction and maintenance of
buildings and infrastructure, (iii) urban energy system planning, and (iv) land-use planning. First,
the development as legal instrument is carried out, providing (i) premises for integrating resource
protection at all legal levels and (ii) options for implementing the ResourcePlan within German
municipal structures. Second, the evaluation framework for resource efficiency of the urban neigh-
borhoods is set up for usage as a planning instrument. The framework provides a two-stage process
that runs through the phases of setting up and implementing the ResourcePlan. (Eco)system services
are evaluated as well as life cycle assessment and economic aspects. As a legal instrument, the
ResourcePlan integrates resource protection into municipal planning and decision-making processes.
The multi-methodological evaluation framework helps to assess inter-disciplinary resource efficiency,
supports the spatial identification of synergies and conflicting goals, and contributes to transparent,
resource-optimized planning decisions.

Keywords: resource efficiency; resource management; urban neighborhood; urban planning; urban
development; Germany; water; building materials; energy; land
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1. Introduction

Urbanization is the future mega-trend. The German Advisory Council on Global
Change identifies urbanization as one of the most outstanding challenges for social and
infrastructural development of present and future [1]. Although urbanization can increase
the inhabitant’s quality of live by, e.g., raising availability of health services or social and
infrastructural facilities [2,3], it can also bring environmental and social problems.

In 2005, the Millennium Ecosystem Assessment stated that “human activity is putting
such strain on the natural functions of earth that the ability of the planet’s ecosystems to
sustain future generations can no longer be taken for granted” [4]. The use and overuse
of natural resources such as water, raw materials, and land threaten the Earth system’s
resilient state [5,6]. Seto et al. [7] declare, “the conversion of earth’s land surface to urban
uses is one of the most irreversible human impacts on the global biosphere”. Covering
less than 3% of the global terrestrial surface [8], cities consume about 75% of the world’s
energy [9] and 60% of residential water resources [8]. The excessive use of resources goes
hand in hand with advancing climate change. If global warming proceeds in the current
trend, the loss and damage to ecosystem services will lead to a lack of human well-being,
livelihoods, and health [10,11].

A clear need for change in resource use for urban development can be seen (e.g., [12,13]).
In 2005, the World Conservation Union introduced the three pillars of sustainable devel-
opment (Ecological–Social–Economic) [14,15] and therefore seeks to bring attention to the
role of holistic decision making. With the declaration of the 17 Sustainable Development
Goals [16], the United Nations Sustainable Development Summit marked a turning point
for urban development in 2015, addressing questions of water, infrastructure, biodiversity,
and climate change. Similar alignments are promoted by the Leipzig Charter [17,18], the
New Urban Agenda [19], the Paris Agreement [20], and the European Commission’s Green
Deal [21].

Urban development influences the use of natural resources water, raw materials, and
land. When discussing an efficient resource use, “resource efficiency” can be defined as
“ratio of a certain benefit or result to the resource input required to achieve it” [22]. Different
sectors—in the sense of fields of building and infrastructural resource management—can
be identified as relevant for urban development, such as water (storm- and wastewater)
management, construction and maintenance of buildings and infrastructure (building
material cycles), urban energy system planning, and land-use planning. For all of them,
resource management concepts already exist that pursue sectoral resource efficiency: Firstly,
stormwater management impacts the urban water and energy cycle [23]. The principles
for water wise cities [24] lead to recursive planning and stepwise realization (“no-regret
approach”). Water Sensitive Urban Design [25,26] combines “retention, detention and use”
in “blue–green infrastructure” with high design quality for water and land. Secondly, the
separation of different domestic wastewater streams such as black and gray water at the
source prevents dilution of more concentrated wastewater by less concentrated wastewater
and therefore facilitates efficient treatment and enables efficient recycling of water and
nutrients [27]. Thirdly, sustainable management of building material cycles is possible
through knowledge of material quantities, qualities, and flows [28,29]. Valuation indices
and procedures for resources at the regional scale are transforming from mass-based to
integrated approaches that consider resource availability as well as environmental im-
pacts [30–32]. Fourth, in urban energy system planning, there are a variety of technologies
and measures that can lead to an improvement in sustainability. These technologies and
measures can be summarized under the three sub-strategies of energy efficiency [33,34],
energy sufficiency [34,35], and energy consistency [36]. Fifth, the use of land is mainly
managed through the urban land-use planning (in Germany in accordance to the Federal
Building Code BauGB [37]). Environmental land-use assessments are examined in accor-
dance to the Federal Nature Conservation Act of Germany [38] using methods such as the
biotope value procedure [39].
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However, sectoral resource management strategies do not consider inter-disciplinary
interactions and conflicting interests. Besides, political discourse about sustainable solu-
tions and conflicting goals of different stakeholders [40,41] inhibit the implementation of
transformation strategies. Therefore, municipalities need integrated concepts (i) to evaluate
resource efficiency inter-disciplinary [42] and (ii) to support sustainable decision making
under discourse and conflicting interests [43].

One existing option to evaluate the city’s environmental impacts in terms of its resource
use on global level is life cycle assessment (LCA) [44,45]. A number of studies are available
for resource recovery in building construction [46–48], urban water supply and wastewater
disposal [49–52], and urban land management [53]. Concepts for integrated evaluations
exist on neighborhood [54,55] and city scales [56,57]. However, LCA in an urban context is
complex and challenging because inter-disciplinary, dynamic aspects have to be considered,
and system boundaries cannot always be clearly defined [58]. Approaches to integrate local
effects, such as urban heat islands [59], are still under development.

As another option, various decision support instruments for urban contexts lead to
sustainable solutions. They exist for inter-disciplinary assessments [60–62] or sectoral
decision making [63–67]. However, in terms of the mentioned political discourse and
conflicting goals, they lack of legal liability, weighting systems, and need-based evaluation
approaches to consider all perspectives [68].

In contrast, governing frameworks such as environmental impact assessment [69],
strategic environmental assessment [70], or urban climate maps [71] identify the local
consequences of a proposed action on a sectoral scale. However, due to their environmental
focus, they do not fully incorporate inter-disciplinary interactions. Methods to assess
multi-functionality at relevant scale are lacking [72]. Moreover, their low transparency and
accountability are highly obstructive to holistic implementation in community policy and
decision making [73–75].

Analyzing the demands and limitations of current urban resource management prac-
tices, the main lacks can be summarized as (i) missing integrated municipal concepts or
instruments that (ii) support holistic, inter-disciplinary evaluation and decision making and
(iii) promote assertiveness of those decisions. Therefore, the aim of this study is to research
integrated planning approaches for efficient use of urban resources and to develop an
instrument for (i) evaluating inter-disciplinary resource efficiency as well as (ii) supporting
legal enforcement of developed resource management strategies. The instrument to be
developed are subject to binding constraints such as:

(i) The resource efficiency evaluation should consider the three pillars of sustainable
development (Ecological–Social–Economic) as well as the relevant urban building
and infrastructural resource management sectors (water, building materials, energy,
and land), which can be supplemented modularly on demand.

(ii) Resource efficiency evaluation should be possible inter- as well as intra-disciplinarily,
including all necessary internal and external drivers.

(iii) For multi-functional use in the development of comprehensive strategies on the one
hand, and specific decision making on the other hand, the instrument should be
scalable from the neighborhood to the parcel level.

(iv) In addition, the results should be the basis for a legal realization within the existing
municipal structures. The development is completed based on German law.

The instrument is going to be called “ResourcePlan”. It will be developed as a package
of modular instruments. The aim of this paper is to present its theoretical conceptualization
and to test applicability with an exemplary case study.

2. Materials and Methods
2.1. Conceptual Approach

A “ResourcePlan” that supports the successive development of a sustainable, efficient
use of resources in different neighborhood typologies is defined. The approach addresses
the increase of efficient resource use at relevant urban building and infrastructural resource
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management sectors: (i) water (storm- and wastewater) management, (ii) construction and
maintenance of buildings and infrastructure, (iii) urban energy system planning, and (iv)
land-use planning (Section 2.2.2). This exemplary selection of urban resource management
sectors can be expanded in a modular form.

The structure for development is summarized in Figure 1. The ResourcePlan is
designed as a two-component instrument (Figure 1, orange). For legalizing resource
management strategies within the existing municipal structures, first, the ResourcePlan
is conceptualized as a legal instrument. Second, an inter-disciplinary decision support
framework is designed for usage as a planning instrument.

Sustainability 2022, 14, x FOR PEER REVIEW 4 of 31 
 

2. Materials and Methods 
2.1. Conceptual Approach 

A “ResourcePlan” that supports the successive development of a sustainable, effi-
cient use of resources in different neighborhood typologies is defined. The approach ad-
dresses the increase of efficient resource use at relevant urban building and infrastructural 
resource management sectors: (i) water (storm- and wastewater) management, (ii) con-
struction and maintenance of buildings and infrastructure, (iii) urban energy system plan-
ning, and (iv) land-use planning (Section 2.2.2). This exemplary selection of urban re-
source management sectors can be expanded in a modular form. 

The structure for development is summarized in Figure 1. The ResourcePlan is de-
signed as a two-component instrument (Figure 1, orange). For legalizing resource man-
agement strategies within the existing municipal structures, first, the ResourcePlan is con-
ceptualized as a legal instrument. Second, an inter-disciplinary decision support frame-
work is designed for usage as a planning instrument. 

The development follows an explorative approach and is based on close, trans-disci-
plinary exchange between scientists and stakeholders of the municipalities (Figure 1, 
green). On the scientific side, experts for all resources under consideration are involved. 
On the municipal side, urban planners, engineers, and politicians from the city of Herne, 
as the main partner, and from eight other associated municipalities participate. 

All topics are discussed within a recursive three-step process of (i) identification of 
municipal requirements and needs, (ii) instrument development, and (iii) evaluation and 
optimization (Figure 1, blue). The municipal requirements and needs were established by 
the stakeholders at the beginning of the project. The defined aspects go back to experi-
ences from past projects, identified barriers to current structures, and requirements aris-
ing from future challenges. The prioritization was conducted in collaborative discussion 
of all stakeholders. Afterward, the aspects were formulated as “framing principles” for 
both instrument components for use as evaluation und optimization criteria. They are de-
scribed within the next sections (Sections 2.1.1 and 2.1.2). 

The instrument development is mainly performed by the scientists in communication 
with the municipal stakeholders. The municipal stakeholders evaluate the proposed solu-
tions in terms of the framing principles. At all times, the development is conducted based 
on two case studies in the city of Herne (Section 2.3), which are stepwise and used to 
validate the conceptual methods under development. 

 
Figure 1. Conceptual approach for development of the ResourcePlan.  
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The development follows an explorative approach and is based on close, trans-
disciplinary exchange between scientists and stakeholders of the municipalities (Figure 1,
green). On the scientific side, experts for all resources under consideration are involved.
On the municipal side, urban planners, engineers, and politicians from the city of Herne, as
the main partner, and from eight other associated municipalities participate.

All topics are discussed within a recursive three-step process of (i) identification of
municipal requirements and needs, (ii) instrument development, and (iii) evaluation and
optimization (Figure 1, blue). The municipal requirements and needs were established by
the stakeholders at the beginning of the project. The defined aspects go back to experiences
from past projects, identified barriers to current structures, and requirements arising from
future challenges. The prioritization was conducted in collaborative discussion of all
stakeholders. Afterward, the aspects were formulated as “framing principles” for both
instrument components for use as evaluation und optimization criteria. They are described
within the next sections (Sections 2.1.1 and 2.1.2).

The instrument development is mainly performed by the scientists in communication
with the municipal stakeholders. The municipal stakeholders evaluate the proposed
solutions in terms of the framing principles. At all times, the development is conducted
based on two case studies in the city of Herne (Section 2.3), which are stepwise and used to
validate the conceptual methods under development.

2.1.1. Analysis of Legal Implementation (Legal Instrument)

The development of the ResourcePlan as a legal instrument is completed inductively
based on existing legal structures. The study is performed in two steps:

First, premises for integrating resource protection at all legal levels—from EU- to
municipal level—are derived (Section 3.2.1). To obtain an object of comparison, the current
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legal structures for climate protection and their effects on the processes of local government
are examined. For this purpose, an analysis of the development of legal structures for
climate protection on the EU, federal, regional, and municipal levels is completed. From
this, premises for resource protection are derived.

Second, options for legalizing the ResourcePlan within municipal structures are speci-
fied (Section 3.2.2). For this purpose, existing formal and informal instruments are evaluated
regarding (i) the depth of impact, (ii) the sectoral influence, (iii) the relevance of ownership,
(iv) the suitability of different life cycle status (new/existing), and (v) the legal bindingness.

The framing principles for the development of the legal instrument and its recursive
evaluation and optimization are:

1. Permanent task: Resource efficiency and resource protection are to become a permanent
municipal task within medium- and long-term planning;

2. Inter-/trans-disciplinarity: Early and integrative cooperation of all disciplines;
3. Future ability: Ensure updatability and transferability;
4. Communication: Transparent communication to addressees: internal administration,

citizens, investors;
5. Practical orientation: Comprehensible and user-oriented structure;
6. Integration: Integrating resource planning as a major concern in municipal manage-

ment structures.

2.1.2. Inter-Disciplinary Evaluation Framework (Planning Instrument)

An evaluation system is developed to analyze, measure, and evaluate resource ef-
ficiency in the urban neighborhood. The system is designed as a multi-methodological
evaluation process, going back to (i) the three pillars of sustainable development (Ecological–
Social–Economic) as well as (ii) the relevant urban building and infrastructural resource
management sectors (water, building materials, energy, and land). On the one hand, LCA
is chosen as one evaluation method to cover aspects of environmental impacts through the
whole life cycle of the neighborhood. On the other hand, local system functionality and
low environmental impact must be ensured, as well. To cover the sectoral system states as
well as their interactions, sectoral resource efficiency evaluations are performed as well as
their summary within a common framework. Therefore, the development of the planning
instrument is completed modularly.

The main concept starts from a common definition of resource efficiency (Section 2.2.3).
Based on this, the approach is transferred and specified sectoral. Existing sectoral evaluation
principles are taken as a basis and adapted to the specific needs of the ResourcePlan
framework. To ensure linkability of the sectoral evaluation results and practicability at
the municipal level, the system is based on geodata. Key aspects—such as the overall
approach of the evaluation system, the relevance of the selected evaluation indicators and
the complexity of the data management—are discussed with the municipal stakeholders.

The framing principles for the development of the planning instrument and its recur-
sive evaluation and optimization are:

1. Transferability: The evaluation framework must be transferable to other neighborhoods
and municipalities;

2. Practical relevance: Results must be application-oriented and easy to understand.
Planning targets and solution strategies that can be used for orientation and success
control in future projects are helpful;

3. Relative assessment: Due to the different conditions of different neighborhoods, a
relative assessment is preferable to an absolute assessment;

4. Adaptability: Due to the different parameters (qualitative, quantitative) of the various
sectors, an open and flexible approach is sought;

5. National guidance: Criteria must be aligned to nationwide objectives;
6. Updateability: The approach must be adaptable to new scientific knowledge or chang-

ing objectives;
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7. Effort: The procedure should be resource-saving, regarding financial and human
resources of the municipal administration.

2.2. Underlying Definitions
2.2.1. Balance Area: Urban Neighborhoods

The neighborhood was chosen as the area of balancing. In contrast to administrative
delimitations of city districts, the neighborhood has boundaries that are not precisely
defined. According to Olaf Schnur, the neighborhood is a “[ . . . ] vaguely contoured
centre-place of everyday life worlds [ . . . ] whose intersections are represented in the
spatial-identificatory context of a manageable residential environment” [76]. This goes back
to the fact that the core zone of a neighborhood is usually perceived as a reference space
by the majority of residents, while the outer boundaries are often defined differently [77].
Therefore, the different systems considered here are understood as sectoral functional
units, representing the sectors water, building materials, energy, and land. To ensure a
coordinated space for the evaluation, the inter-section area—the core zone of the sectoral
functional units—is defined as control space (Figure 2).
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2.2.2. Resource Management under Consideration

The paper addresses the resources water, raw materials, and land. Different sectors—
in the sense of fields of building and infrastructural resource management—can be defined,
which manage or influence the use those resources. Each sector forms a (infrastructural)
system. Several interactions with other systems (intra-, inter-, or trans-disciplinary) are
possible. For the ResourcePlan, resource efficiency evaluation is performed for each sector
as well as a summarizing assessment. The sectors under consideration can be defined as
follows. The assessment of further sectors can be added on demand.

Water: The water sector includes all urban water management infrastructure systems
for the use of potable water, reuse, discharge and treatment of wastewater and stormwater.
Water management should be in accordance with the principles of water-wise cities [24].
Therefore, the focus is on the use and recycling of existing resources such as wastewater
and stormwater, preservation of natural water balance, pollution control (total suspended
solids, heavy metals, nutrients, or biocides), and resilience to future extreme weather events
(drought, heavy rain).

Building materials: The sector “building materials” considers the materials used in
building construction and civil engineering with regard to their quantity and changes over
time. In particular, the inventory in the so-called anthropogenic material store as well as
the release of materials for the areas of buildings, wastewater infrastructure, roads, and
paths are observed. The aim is an integrated and foresighted material flow management in
civil engineering and step-by-step implementation of a closed-loop recycling management.
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Energy: In the context of energy systems, energy is usually referred to the provision
of “desired energy services, rather than [energy] as an end in itself” [80]. Urban energy
systems can be defined as the “combined process of acquiring and using energy” [81]
in spatial units with a high density and differentiation of usage sectors [82,83], as well
as energy sectors (e.g., heat, electricity, fuels) [83,84]. The provision of energy requires a
wide range of resource input; hence, there is a close link to other resource sectors. When
optimizing urban energy systems, minimizing greenhouse gas emissions, energy costs, and
energy demands are appropriate objectives [83].

Land: Land comprises the geometrically definable section of the earth’s surface within
a neighborhood. It is divided into individual areas of different properties. The spaces lying
above and below the earth’s surface and likewise inclined, vertical, or curved planes (roof
surfaces, facades, story levels, and civil engineering) are projected onto this section of the
earth’s surface.

2.2.3. Resource Efficiency

The selected common definition of the term “resource efficiency” by the Federal
Environment Agency is “ratio of a certain benefit or result to the resource input required
to achieve it” [22]. The term “benefit” is defined here as the “ability of a good to satisfy a
certain need [ . . . ]” [85] and is only present when the use of the good—the commissioning—
takes place by a person or another living being.

As described in Section 2.1.2, this definition is the basis of the main evaluation frame-
work’s approach and is transferred individually to the assessments of the sectors mentioned
in Section 2.2.2.

2.3. Case Study

Two neighborhoods in Herne, a city in North Rhine Westphalia, Germany, were
selected for theoretical development of the ResourcePlan (Section 2.1). The selected neigh-
borhoods “Baukau” and “Pantringshof” show differences due to their urban and social
structures, and their infrastructures are located at different positions in the life cycle (e.g.,
canalization and road conditions). This guarantees a diverse empirical basis and the
broadest possible testing of the intended evaluation methods.

For this paper, a sub-neighborhood was chosen as a case study for exemplary applica-
tion of the ResourcePlan. The sub-neighborhood under consideration (Figure 3) is located
in the middle of Herne–Baukau. With an area of 14.6 ha, it consists out of semi-detached
houses and their gardens in the south, apartment houses in the east, and a business building
and its parking lot in the northeast. In the northwestern corner is a fallow without any
further use. Garages can be found at the western side. The area is framed by three roads.
The northern and eastern roads “Westring” and “Bahnhofstraße” are highly frequented
main roads. The southern road “Weidkamp” is a low-frequented residential street. The
western road is a dead end road with a footpath connection to “Westring”.
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Figure 3. Sub-neighborhood under consideration (red line) for exemplary ResourcePlan application.
Parking lot for exemplary decision making is marked in blue. Base map (orthophoto and cadaster)
extracted from Bezirksregierung Köln Geobasis NRW [86], licensed by data license Germany—Zero–
Version 2.0 [87].

3. Results

The findings are presented within four steps: First, the ResourcePlan is defined
(Section 3.1). Second, (i) premises for integrating resource protection at all legal levels and
(ii) options for implementing the ResourcePlan within municipal structures are provided for
setting up the ResourcePlan as a legal instrument (Section 3.2). Third, an evaluation frame-
work is derived to ensure the use the ResourcePlan as planning instrument (Section 3.3).
Fourth, the new instruments and findings are applied and validated in an exemplary case
study (Section 3.4).

3.1. ResourcePlan—Definition

The ResourcePlan is a two-component instrument for improving resource use in urban
neighborhoods.

The ResourcePlan is a legal instrument that promotes and legally establishes a coordi-
nated and efficient use of resources in the neighborhood at the municipal level. It consists
of (i) the master plan, which spatially locates deficit and potential areas as well as solution
strategies, and (ii) planning goals that allow for simple feasibility checks and success con-
trols in very early planning phases. The legal implementation in the municipal structures
is conducted as a set of instruments by integrating the strategies from the master plan and
the planning goals into existing formal and informal instruments.

A ResourcePlan evaluation framework is being developed as a planning instrument
that measures, balances, and evaluates the efficient use of resources in the neighborhood.
Using the multi-methodological planning approach, the neighborhood can be analyzed in
order to determine needs, to set planning goals, to identify deficit and potential areas for
transformation, and to make planning decisions.

The approach provides a two-stage process that goes through the phases of setting up
and implementing the ResourcePlan (Figure 4).
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Figure 4. The ResourcePlan two-stage approach.

In Phase I, the ResourcePlan is set up with the help of the evaluation framework.
First, the needs and deficits (A) of the neighborhood are determined in order to derive
transformation goals (B). Second, the identification of deficit and potential areas (C) leads to
the development of solution strategies (D) and planning goals (E). Third, with legalization,
the ResourcePlan is set into practice by using existing or modified formal and informal
municipal instruments.

Phase II represents the implementation of the ResourcePlan determinations in plan-
ning decisions. During the decision-making process (a), success controls, (b) and inter-
disciplinary considerations (c) can be carried out. Synergies and conflicting goals (d) can
be included in the inter-disciplinary consideration process. In addition, the evaluation
framework supports the selection of the location of the measures (e).

3.2. ResourcePlan as Legal Instrument

The ResourcePlan is intended to be a legal instrument that promotes and legally estab-
lishes a coordinated and efficient use of resources in the neighborhood at the municipal
level. Therefore, premises for the development as a legal instrument are identified, which
offer the integration of the resource protection at all legal levels (Section 3.2.1) and pro-
vide possibilities for the implementation of the ResourcePlan within municipal structures
(Section 3.2.2).

3.2.1. Empirical Study on the Integration of Resource Protection in Current
Legal Structures

Resource protection as a global challenge is comparable to climate protection, both
downscaling global relevance to questions of urban planning. In recent decades, climate
protection has been increasingly integrated into legal structures on an international as well
as national level. Both the EU and Germany have steadily increased their greenhouse gas
reduction targets and have committed to become greenhouse gas-neutral by 2050. At the
same time, international and national laws were passed that strengthen the goals. In addi-
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tion, the various measures on federal and regional level provide the basis for promoting
climate protection in the municipality (see entire empirical study at Supplementary Mate-
rials S1). In summary, the empirical case study on legal structures for climate protection
reveals the following successfully implemented premises that guarantee the anchoring of
climate protection:

• Consistent integration of climate protection at all legal sources;
• Close coordination between the individual climate-related legal sources;
• Development of a strategy for climate protection and recommendations for action on

federal and regional level to promote climate protection;
• Transfer of knowledge from the federal and regional levels to the municipal level.

Climate protection can therefore be seen as a good example of legally strengthening
resource protection at the international and national level, promoting it nationally through
suitable measures and becoming more capable of acting on the municipal level.

In contrast to climate protection, the current structures for resource protection can
be briefly described as follows: In the various agreements, treaties, and legislations on
different political levels, resource protection is already partly taken into account. At the
EU level, for example, the Lisbon Treaty in Article 191 TFEU refers to the “prudent and
rational utilisation of natural resources” [88]. The European Green Deal also mentions a
decoupling of economic growth from the use of resources [21]. On the federal level, the
issue of resource protection is dealt within the German Federal Government’s Resource
Efficiency Program (ProgRess) [89]. The aspects of sustainable building and sustainable
urban development are becoming increasingly important. On the regional level, in the
Climate Protection Act of the State of North Rhine–Westphalia, Germany, in Section 4 (4),
KSG attaches importance to increasing resource protection as well as resource and energy
efficiency, energy saving, and the expansion of renewable energies [90].

Derived from the above findings on climate protection, the anchoring of resource
protection in all legal sources and the ability of the municipality to act must be achieved in
the future by the following means:

• Consistent integration: The target of resource protection should be laid down in all
legal sources. Building on one another, resource protection is to be anchored in law on
the federal, regional, and municipal level. Finally, the operationalization level is the
municipal level, on which resource protection is implemented in various strands and
procedures as part of the district transformation. In addition, resource protection must
be integrated much more closely into existing procedures on the neighborhood level.
In urban planning, there are various options for integrating resource protection and
resource efficiency more firmly. Similar to climate protection, in Section 1 (5) of the
Federal Building Code of Germany [37], the protection of resources could be inserted
as a principle in the land-use planning.

• Close coordination: Close coordination between the individual resource-related legal
sources is necessary for easy application. Furthermore, new, additional procedures in
the context of urban land use planning are to be avoided in order to conserve human
and financial resources on the municipal level. Since the task of resource protection
exists in many environmental and economic areas, there should also be an effort to
develop the existing laws in a way that is suitable for resource protection.

• Recommendations for action: At the same time, the required increase in resource effi-
ciency should be implemented through a resource (protection) plan on a federal or
regional level, similar to the climate protection plan. This does not contain any obliga-
tions but recommends a large number of measures and supports the implementation
with funding offers.

• Transfer of knowledge: Together with the recommendations and the promotion of mea-
sures, an organized transfer of knowledge on the follow-up costs of resource con-
sumption and cost savings through targeted measures should be conveyed in training
courses. The municipalities ultimately decide on the specific measures for resource
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efficiency. This ensures long-term resilience and enables the site-specific requirements
to be adapted at the neighborhood level.

3.2.2. Implementation Options for Increasing Resource Protection in Municipal Legal
Structures

In the context of the ResourcePlan, the municipal instruments are supposed to imple-
ment solution strategies and planning goals derived during Phase I (Figure 4). To define
implementation options, an analysis of formal and informal urban planning instruments is
carried out. The municipal instruments are analyzed regarding criteria such as (i) the depth
of impact, (ii) the sectoral influence, (iii) the relevance of ownership, (iv) the suitability
of different life cycle status (new/existing), and (v) the legal bindingness. A summary is
given in Table 1.

The zoning plan (1), as a formal instrument, has the option of legally defining resource-
relevant aspects, for example, energy or water management. However, resource protection
has so far not been a principle in urban land-use planning and is therefore not a matter of
consideration in the building code (§ 1 BauGB [37]). For this purpose, informal plans such
as the urban development draft (2) can serve as a preliminary stage in order to address
resource-relevant aspects. However, this instrument is not legally binding. Project-related
legal zoning plans (3) are a good instrument for agreeing on measures to protect resources
directly with the investor. The sector’s water, energy, land, and building materials can be
addressed directly, and the plan is legally binding.

Furthermore, urban planning instruments such as concept awarding (4) or urban
development contracts (5) have a greater scope of action to influence the protection of
resources while at the same time ensuring legal certainty.

Informal plans with related topics, such as the integrated climate protection concept or
the master plan for sustainable mobility (6), serve as an important basis for implementing
measures in the city. A master plan for resource protection would bring the topic more
into focus. At the same time, the individual sectors could be addressed directly and
recommendations for action could be issued.

The selection of the instrument or a mix of instruments always depends on the frame-
work conditions. A decisive criterion here is the ownership in terms of private or a public
land. At the same time, the existing building and the new construction require different
instruments. If the municipality is the owner of the land, a concept award is a suitable
instrument, for example. If a new construction is to be built on a private area, the project-
related legal zoning plan or the urban development contract can be used as an instrument
to promote the protection of resources. In the case of an existing building with private
ownership, the selection of instruments is limited. However, funding programs (7) or
advisory (8) can support measures to protect resources.

In summary, the analysis of the municipal formal and informal instruments has shown
that various instruments are already in place to implement the solution strategies and
planning goals of the ResourcePlan. Although further legal framework conditions have
to be created in order to promote resource protection, resource planning can already
be positively influenced by those urban planning instruments. Various criteria must be
taken into account when selecting the instruments (Table 1). The choice should be made
individually for the specific set. If the implementation is carried out effectively, the resource
management measures can be established precisely.
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Table 1. Analysis on usability of municipal instruments for implementing measures of resource management.

ID Instrument
Formal or
Informal

Instrument

Sectoral Influence 1,2
Relevance of
Ownership

New Construction or
Existing Building

Legal
BindingnessW B E L

(1) Zoning Plan Formal + o + ++ Non-existent No relevance Yes

(2)
Urban

development
draft

Informal + + + ++

Existent; e.g., interim
acquisition

of land by the
municipality

Relevance; new
construction

is preferably addressed
No

(3)

Project-
related

legal zoning
plan

Formal ++ + ++ ++
Existent; an investor

is usually
the owner of the land

Relevance; new
construction

is preferably addressed
Yes

(4) Concept
awarding Informal ++ ++ ++ ++

Existent; the
municipality

must be the owner of
the land

Relevance; new
construction

is preferably addressed

Yes
(contract)

(5)
Urban

development
contract

Formal ++ + ++ ++
Existent; land is

usually
privately owned

Relevance; new
construction

is preferably addressed
Yes

(6) Master plan Informal ++ ++ ++ ++ Non-existent No relevance No

(7) Funding
program Informal + + + o

Existent; private
owners

are particularly
addressed

No relevance No

(8) Advisory Informal + + + o

Existent; private
owners

are particularly
addressed

Relevance; new
construction

is preferably addressed
No

1 abbreviations of sectors: W = Water, B = Building materials, E = Energy, L = Land. 2 Scale: o = minor, + = medium, ++ = major.
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3.3. ResourcePlan as Planning Instrument
3.3.1. Definition of Multi-Methodological ResourcePlan Evaluation Framework

The ResourcePlan evaluation framework is a multi-methodological procedure with
various instruments. Some of them can be applied chronologically; others, additively. It
is being designed for the resource efficiency evaluation of the sector’s water (storm- and
wastewater), building materials, energy, and land.

In line with the two-step approach of the ResourcePlan (Section 3.1), the developed
evaluation framework must be modularly applicable to the processing steps in the two
phases. On the one hand, it must contain options to implement the neighborhood’s drivers
and needs, identify deficits and potential areas, and define solution strategies as well as
planning goals. On the other hand, it should be applicable for inter-disciplinary decision
making and success control.

The multi-methodological structure of the framework allows a targeted combination
of existing and newly developed, innovative methods. To save human resources and
avoid additional municipal work (Section 2.1.2), the framework uses existing and well-
known evaluation routines and instruments whenever possible. Other aspects require the
development of new approaches.

Figure 5 provides an overview of the resulting ResourcePlan evaluation framework
and its main conceptual components. Based on the model of sustainability with its three
pillars, Ecological–Social–Economic [14,15], the ResourcePlan evaluation framework leads
to three fundamental targets (1–3), represented by the different colors within Figure 5:

1. (Eco)system Services: good ecological conditions, resilient systems, high livability at a
local (neighborhood) scale;

2. Life Cycle Assessment: low environmental and human health impacts of the applied
technologies on global scale;

3. Economy: economic efficiency and transparency.

On this basis, four supporting elements (I–IV) are defined, represented by the pillars
within Figure 5:

I. Systemic–sectoral analysis: sectoral analysis in the neighborhood;
II. Functional–local analysis: merging evaluation on local scale;
III. Life Cycle Assessment: low environmental and human health impacts on a global scale;
IV. Economic Assessment: economic efficiency and transparency.

Elements I and II are inter-connected, both considering (eco)system services. The
element focuses on ecosystem services in accordance to [4]. Therefore, ecological as
well as social aspects are considered. Since the approach also reflects on system services
apart from [4]—e.g., material intensity, greenhouse gas emissions—the element is called
(eco)system services. With the systemic–sectoral consideration, it is guaranteed that sectoral
system services that are not locally bound are considered. With the local–functional view,
local services of the resource land are analyzed and assessed in relation to the resource
efficiency of all other neighborhood sectors. In contrast, Elements III and IV are integrated
into the structure as independent evaluation components.

Each element results in a partial efficiency, generates target values, is interwoven in
their synthesis, and thus determines the operationalization. This structure ensures that the
ResourcePlan helps planners to achieve a high level of functionality within a neighborhood
without disregarding global environmental goals.
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Different methods are used for evaluation of the three elements (Figure 5, white boxes).
They can be defined as follows:

i. Target/actual comparison for systemic–sectoral analysis (Element I) and local–functional anal-
ysis (Element II): The evaluation of (eco)system services is split into the two elements
systemic–sectoral analysis (Element I) and local–functional analysis (Element II). The
systemic–sectoral analysis is performed individually for water (storm- and wastew-
ater), building materials, and energy. The local–functional analysis is the merging
analysis projected onto the resource land (Figure 5). All five evaluation procedures are
based on the same evaluation method—the “target/actual comparison”. The method
can be used both in the set up (Phase I) and the implementation (Phase II) of the Re-
sourcePlan. Figure 6 summarizes the target/actual comparison as a three-step process.
The first step (1) aims to derive the TARGET function. The basis for the basic needs in
a neighborhood are the concerns of urban land use planning, which are defined in §1
BauGB, paragraph 6 [37]. They can be formulated as tasks—such as securing space
and areas for housing, recreation, transport, or water for irrigation, waste disposal,
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etc.—but also responses to trends—such as climate change and species extinction
and much more. For target/actual comparison, these basic services and trends are
defined as drivers. In addition, site-specific drivers in the neighborhoods are con-
sidered, which are not always transferable to other municipalities. From the drivers,
the transformation goals, which determine the requirements for the use of resources
in a neighborhood, can be derived, such as climate protection, climate adaptation,
health protection, nature conservation, preservation, and further development of the
basic functions of existence. The goals can be achieved with a certain use of resources,
called TARGET functions. The second step (2) analyzes the actual state. According to
the TARGET values, ACTUAL values in the neighborhood are surveyed on a sectoral
basis. For this purpose, availability, location of availability, and type/properties of the
resource at hand are surveyed to determine the functions that the resource assumes in
the ACTUAL state. The third step (3) concludes to derive planning goals. To identify
the neighborhood’s deficits, TARGET and ACTUAL values are compared based on
indicators. For this reason, conflicting targets may arise for different indicators. The
conflicting goals must be weighed individually according to the above-mentioned
needs of the neighborhood.
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ii. Life cycle assessment (Element III): Life Cycle Assessment (LCA) is an environmental
management tool that evaluates products or services along their supply chain [44,45].
Typically, LCA is used to assess the environmental impacts of products to optimize
them from an environmental point of view, but it is also used to compare products
that perform the same function. It is also increasingly used in the context of urban
planning (see, e.g., [56,57,91]). In the ResourcePlan, the neighborhood’s provisioning
functions such as energy supply and waste and stormwater treatment are defined as
the functional unit. These functions can change over time. The LCAs are conducted
at a sectoral level, i.e., one LCA is conducted for the changing neighborhood’s en-
ergy supply, one for the stormwater management, etc. It is therefore applied to the
desired planning scenarios of Elements I and II and assesses the sectoral changes.
Through the described application, the complex interaction between the production
of technologies within the neighborhood and the global environment can be made
visible. In order to make the results interpretable for non-LCA experts, the ecological
impacts are monetized with the help of the German Federal Environment Agency’s
cost factors [92].

iii. Comparative costing (Element IV): As a fourth element, the economic characteristics
of the desired planning decision or change are analyzed. The revenue streams and
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expenditures related to the ACTUAL state in relation to the potential outcome are
compared and have to be evaluated regarding the available budget of the commune.
Both investment and operating costs should be considered using comparative costing
methods such as the dynamic cost comparison calculation provided by [93]. The re-
sults are not convertible from municipality to municipality due to regional differences
of costs and ownership structures.

3.3.2. Element-Specific Evaluation Procedures and Synthesis

To integrate the evaluation framework into the municipal structures, work steps, out-
puts, and their synthesis must be defined. The procedure consists of the methods described
in the previous section, which are transferred to the sectoral procedures modularly.

The following section will summarize the element-specific evaluation procedures,
their outputs, and their synthesis. An overview is given in Figure 7. Process steps are
marked with capital letters (A–H), while their outputs and linkages are marked with small
letters (a–i).

(A) Driver analysis: According to Section 3.3.1, a driver analysis must be carried
out to identify all needs of the neighborhood for all disciplines and from a global to a
location-specific level. Global drivers can be identified according to scientific findings on
the basic functions of existence and the global trends (e.g., climate change). Additionally,
several methods are possible for recording the location-specific drivers. These include the
evaluation of informal conversations, for example, in the context of a World Café event,
a guideline-based, internal administrative survey, a neighborhood survey, and, above all,
the analysis of strategy papers and concepts that contain the transformation goals at both
federal and municipal level. The drivers can be transferred to transformation goals and
neighborhood-specific target functions.

(a) Transferring target functions to target/actual comparison: The target functions identified
in (A) are transferred to the target/actual comparisons. Sectoral target functions (a1) are
transferred to the systemic–sectoral analysis (B), while all other area-related target functions
(a2) enter the location-functional analysis (C).

(B) Systemic–sectoral analysis: The target/actual comparison is adapted for the sectoral
evaluation of resource efficiency of the sectors water (storm- and wastewater), building
materials, and energy. An extension of the approach to include additional sectors or further
systemic considerations (e.g., mobility) is possible.

The systems are considered within the spatial boundaries of the sectoral-defined
neighborhood (Section 2.2.1). This means, that all system-relevant infrastructures can
be considered, although they are outside the control space (e.g., wastewater treatment
plant, wind power). Internal and external interactions can thus be integrated according to
requirements.

The target/actual comparison is carried out on an indicator basis using sectoral
methods and instruments. Table 2 summarizes these main findings on the systemic–
sectoral analysis. Drivers and transformation goals are aligned to national and international
objectives as well as current scientific knowledge. If possible, existing, widely distributed
methods and instruments are used for analysis to minimize additional effort (storm- and
wastewater). If not, the required instruments are developed within the project (building
materials and energy). Further details on the systemic–sectoral analysis will be published
in subsequent research.
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Table 2. Overview on target/actual comparison of systemic–sectoral analysis.

Sector Driver Transformation
Goal

Exemplary
Indicators Methods/Instruments Exemplary

Planning Goals

stormwater

water body
pollution control;
disposal safety;
safety in use;
resource
protection;
national and
inter-national
climate
protection goals

preservation of
natural water
balance;
pollution control;
flood prevention;
evaporative
cooling
[24,26,94]

water balance;
emissions of total
suspended solids,
heavy metals,
nutrients, or
biocides;
flood risk;
evapotranspiration

rainfall
runoff-modeling;
water balancing;
flood modeling
[95,96]

degree of sealing;
degree of drainage
area;
recommended
measures;
ban on
water-polluting
materials;
degree of urban
green

wastewater

water body
pollution control;
disposal safety;
safety in use;
resource
protection;
national and
international
climate
protection goals

water recovery;
nutrient recovery;
pollution control;
minimization of
greenhouse gas
emissions;
primary and end
energy demand
[24,97]

drinking water
demand;
resource recovery
of nitrogen and
phosphorus;
emissions of COD,
nitrogen, and
phosphorus;
end energy
demand;
greenhouse gas
emissions

material flow analysis;
life cycle assessment;
life cycle costing
[98]

degree of resource
recovery (heat,
nitrogen,
phosphorus,
water)

building
materials

shortage of raw
materials;
resource
protection;
conserving
natural resources;
safety in use;
security of
supply

mapping of the
anthropogenic
stock;
reuse;
closed loops of
building
materials

material intensity;
recycling rate;
reuse rate;
take-back systems;
pollutant fraction

object modeling;
material allocation;
aging models and
usage predictions

improve data;
recommended
measures;
identification of
recycling
potentials

energy

national and
international
climate
protection goals;
demand for
low-cost energy
supply;
conservation of
fossil fuels;
increase in
regional value
added [99–101]

minimization of
greenhouse gas
emissions;
increase of
renewable
energies;
minimization of
system costs;
minimization of
final energy
consumption
[83]

greenhouse gas
emissions;
energy costs;
final energy
demand
[83]

energy system
modeling and
optimization [102]

minimization of
the applied
indicators

(b) Sectoral planning goals and solution strategies: Systemic–sectoral evaluation proce-
dures provide planning goals for all sectors. The area-related planning goals as well as
best-fit solution strategies (b1) are included in the local-function analysis (C) as transforma-
tion goals. These solution strategies mark deficit and potential areas for transformation as
well as recommended solutions (e.g., measures). Planning goals without an area reference
(b2) are transferred directly to the ResourcePlan.

(C) Local–functional analysis: The local–functional analysis is designed to synthesize
the sectoral planning goals (a1) and to evaluate the neighborhood’s resource efficiency
holistically. The approach evaluates resource efficiency on an aerial basis. With reference to
the definition of resource efficiency and the term “benefit” (Section 2.2.3), benefit presup-
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poses a function of a thing, for which there is a need, as well as its commissioning. At the
same time, the efficient use of the land assumes a high functionality, i.e., a high number of
functions. This means that land is used efficiently if it has as many functions as possible for
which there is a need. The goal of the entire process is called benefit creation.

The increase in functionality is achieved by changing its properties. The functions are
derived geodata-based. The conceptual approach is shown in Figure 8. Geodata-based
properties are aggregated to functions following defined rules. Referring to the drivers
identified in (A), evaluations on the fulfilment of the transformation goals can be performed
by assigning the functions to transformation goals. Detailed information will be given in
subsequent research.
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The functions of an area are differentiated into three types. Firstly, it has primary
functions, which are defined as equivalent to the basic existence functions (e.g., housing,
transport, work). Secondly, areas often have unintended functions, called secondary func-
tions. Secondary functions are considered here to include regulating, productive, and
supporting ecosystem services, both negative and positive (e.g., groundwater recharge,
flood prevention, biodiversity, cooling at daytime or heat loading, pollutant source). Thirdly,
functions, which were not intended when the area was designed, are called tertiary func-
tions. They arise through the active appropriation of an actor or—apart from their actual
purpose—through anthropogenic benefit, e.g., cultural ecosystem services.

(c) Coordinated master plan and planning goals (target values): The developed sectoral
solution strategies are summarized and checked for conflicting goals using the local–sectoral
analysis. The local–functional analysis identifies areas where transformative measures are
needed and supports decision making in allocating measures for water, energy, or land use
purposes. If contradictions in between the sectoral solution strategies arise, they must be
weighed up in an inter-disciplinary discussion. Finally, all findings are summarized to one
master plan. Area related planning goals (b1) are checked and optimized for conflicting
goals as well. All findings together—master plan and planning goals—are transferred for
ResourcePlan legalization (D).

(D) ResourcePlan—Legalization: The ResourcePlan is established within the municipal-
ity’s formal and informal instruments according to Section 3.2.2.

— End of Phase I—The ResourcePlan is set up.
— Beginning of Phase II—A new planning task has come up.

(d) Planning goals: For new planning tasks, the planning goals out of the ResourcePlan
are set as the target value for further evaluations.
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(E) Systemic–sectoral analysis and (e) Sectoral planning scenarios: Sectoral planning scenar-
ios are set up using systemic–sectoral analysis according to (B). The scenarios are transferred
to local–functional analysis (F)

(F) Local–functional analysis: All sectoral planning scenarios are summarized using
local–functional analysis according to (C).

(f) Optimization recommendations: Output of the local–functional analysis are opti-
mization recommendations for the sectoral planning scenarios. These are generated in
the local–functional analysis by identifying conflicting goals or more appropriate areas
with greater potential for transformation to allocate action. The recommendations enter a
recursive optimization process of systemic–sectoral and local–functional analysis.

(g) Coordinated planning scenarios: After optimizing the scenarios in the recursive
process of systemic–sectoral and local–functional analysis, a coordinated planning scenario
is generated and transferred to evaluations of life cycle assessment (G) and comparative
costing (H).

(G) Life Cycle Assessment and (H) Comparative Costing: Decision support is provided by
LCA (G), the life cycle assessment, which is used to compare measures that can contribute
(along their supply chain) to global environmental impacts. This aims to ensure that high
resource efficiency and use density are not realized locally at the price of increased global
environmental impacts. In order to make the results interpretable for non-LCA experts,
the ecological impacts are monetized with the help of the German Federal Environment
Agency’s cost factors [92]. Finally, the ownership conditions of the resource and its existing
or new use influence the scope for transformation. Comparative costing (H) can further
facilitate the decision on which transformation to implement by providing some economic
aspects, such as investment and maintenance costs.

(h) Regulating optimization recommendations: Regulating optimization recommendations
of (G) and (H) are integrated into final optimization and decision making.

(i) Optimized coordinated planning scenarios: Finally, for optimized planning scenarios
for all sectors, their synthesis are fixed and can be transferred to the ResourcePlan and its
legalization process (F).

3.4. Exemplary Case Study

The following section aims to illustrate the findings described above by means of a
case study (Section 2.3). To avoid complexity, only the sectoral analysis of stormwater
is shown exemplary. Evaluations on the other sectors are carried out equivalent to the
procedure presented in the following. Further details on the systemic–sectoral analysis
will be published in subsequent research. The case study is divided into the two stages
according to Figure 4, (i) set up and (ii) implementation of the ResourcePlan.

3.4.1. ResourcePlan Set Up (Phase I)

To set up the ResourcePlan, the neighborhood is examined with the systemic–sectoral
analysis as well as the local–functional analysis of the resource area. Table 3 summarizes
the main findings of the two investigations. The results are structured in accordance with
the interim result steps A to E, defined in Section 3.1.
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Table 3. Interim results of systemic–sectoral and local–functional analysis for setting up the Resour-
cePlan. A = drivers and needs; B = transformation goals; C = deficit and potential areas; D = solution
strategies; E = planning goals.

Step Systemic–Sectoral Analysis
(Exemplary Stormwater) Local–Functional Analysis

A see Table 2 climate change
need for garden space

B see Table 2
climate adaptation, health protection,
nature conservation, basic function

recreation/recreation

C no further flood risk, deficits at water balance, exceeded
emissions from high frequented roads

deficit: sealed areas/traffic areas,
potential: greened areas

D
best fit scenario including coupling of green roofs,

infiltration, intensified greening, rainwater harvesting,
centralized treatment, and permeable pavements.

transformation of surface design

E

degree of sealing as proportion of the
currently sealed area,

degree of drainage area as a proportion
of current drainage area

transformation potential of primary,
secondary, and tertiary functions

Driver analysis: As a first step for setting up the ResourcePlan, a global and location-
specific driver analysis according to Section 3.3.2, step (A), is carried out. In Herne, global
drivers have been transferred to informal instruments such as the climate adaptation
concept. In the neighborhood under consideration, actions for eliminating urban heat
islands are needed. In addition, there is a citizens’ initiative for biodiversity and garden
spaces. Therefore, the fundamental global drivers and transformation goals are:

• Climate change—transformation goal: climate adaptation/elimination of heat islands;
• Need for garden space—transformation goal: biodiversity, health protection, nature

conservation, basic function recreation/recreation.

Systemic–sectoral analysis: As a second step for setting up the ResourcePlan, systemic–
sectoral analyses are carried out. Sectoral drivers (A) and transformation goals (B) are
given in Table 2. The analysis of deficits (C) is conducted for the three indicators flood risk,
water balance, and emissions. The flood risk analysis does not identify any further risk for
the parking lot. From this view, no transformation need can be identified. The water balance
analysis is performed according to Henrichs et al. [95]. For the neighborhood under consid-
eration, it shows absolute deviations between the actual and pre-developed state of +20%
for runoff, −3% for groundwater recharge and −16% for evapotranspiration. Therefore,
groundwater recharge and evapotranspiration must be supported, while runoff should
be reduced. Options are a reduction of soil sealing and/or the allocation of decentralized
blue–green infrastructures. Evaluations on emissions show exceeded total suspended solids
as well as heavy metal, nutrient, and biocide. The most influential areas for emissions are
the highly frequented roads “Westring” and “Bahnhofstraße”. The solution strategy (D)
includes a coupling of green roofs, infiltration, intensified greening, rainwater harvesting,
decentralized treatment, and permeable pavements. The planning goals for later success
control (E) are formulated as target values for degree of sealing and degree of drainage
area. The goal for the degree of sealing is derived from the deficits of the water balance.
The degree of drainage area goes back to the emissions.

Local–functional analysis: As a third step for setting up the ResourcePlan, the local
functional analysis is carried out. Drivers (A) and transformation goals (B) are mentioned
above. The areas of the neighborhood have different characteristics and thus functions that
are conducive to the above-mentioned transformation goals to varying degrees. Figure 9
shows the results of local–functional analysis for transformation goal “climate adaption”
exemplarily. Deficits can be identified on the sealed surfaces. While there is a high degree
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of positive effects on the transformation goal of climate adaptation in the areas of gardens,
traffic areas, with their high heat absorption and surface runoff, have many negative effects
(C). Depending on the type of use (type of traffic, type of traffic route), transformations of
the surface design in favor of functions with positive effects are possible. Sealed surfaces
whose primary functions are no longer needed to a sufficient extent have a particularly
high potential for adding positive effects to the transformation goal of climate adaptation.
Increasing functionality corresponds to solution strategy (D). The planning objectives (E)
are defined in terms of the transformation potential of primary, secondary, and tertiary
functions of the areas.
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Set up ResourcePlan: The solution strategies and planning goals of the various analysis
are summarized and checked for conflicting goals and feasibility. No contradictions arise
in the present example. Masterplan and planning goals can be legalized according to the
options of integration into municipal structures described in Section 3.2.2.

3.4.2. ResourcePlan Implementation and Decision Making (Phase II)

The ResourcePlan as set up (Section 3.4.1) includes transformation recommendations
as well as planning goals. Deficits around the business building in the north of the sub-
neighborhood (Figure 9) have been identified. Therefore, the parking lot (blue mark in
Figure 3) should be transformed. It is 800 sqm in size, has a compact geometry, and is
conveniently located on a highly frequented road and near a park. The area is in public
ownership. It is asphalted, has no planting and the asphalt surface is in poor condition. The
area has conversion potential, as it develops severe heat stress in hot summers. The parking
lot has only a moderately low occupancy rate. It is often empty, especially on weekends.
The following considerations are made during decision making:

Systemic–sectoral analysis: To optimize stormwater management, it is recommended
to plant trees at the edge of the parking lot in accordance with step D in Table 3. The
trees increase evapotranspiration. Runoff from the parking lot can be incorporated into
decentralized infiltration systems. This leads to an increase of groundwater recharge and
evapotranspiration. Permeable pavements are recommended, as well. The water balance
moves closer to its natural state. Due to its moderately low occupancy rate, no treatment is
needed for this parking lot.
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Local–functional analysis: Local–functional analysis combines sectoral planning scenar-
ios for decision making. Exemplary results for functionality evaluation for three different
scenarios are shown in Figure 10.
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At current state (Figure 10a), the primary function of this space is vehicular access.
The fulfilment of the primary function is fully met in this area, because its characteristics
fulfil the need for trafficability and drainage according to the current state of the art. The
parking lot also has secondary functions, for example, pollutant source, surface runoff,
etc., which only have negative effects on the above-mentioned transformation goals (e.g.,
intensification of heat islands). The possible tertiary functions here are children playing on
the surface. Due to low points at secondary functions, the current state is only scored with
8 points.

The evaluation leads to a need for transforming the surface condition of this parking
lot. With open laid slabs or grass pavers (Figure 10b), it would be possible to support
the goal of eliminating heat islands or climate adaptation with higher functionality at
groundwater recharge, evapotranspiration, or biodiversity. To ensure that the parking
lot is also used enough at weekends, it could be a good idea to maintain easily passable
strips for a traffic course where children can practice cycling in traffic. All in all, the surface
transformation would lead to a functionality score of 30.

Alternatively, it would be possible to undertake a transformation of the primary func-
tion, abandon the parking lot, and convert it into allotments (Figure 10c). While being
used for self-sufficiency and recreation as primary function, its secondary functions would
be several regulating, supporting, and providing ecosystem services such as groundwa-
ter recharge, cooling, animal and plant habitats, and many more. The area would be
scored with 50 points. Whether the missing parking space would cause problems must be
considered by comparing the parking requirements.

The functionality analysis shows different results for the three scenarios. Which option
is chosen always needs to be decided in the whole neighborhood’s context. The following
assessments of life cycle and economy could help at further decision making.

Life Cycle Assessment: In relation to the parking lot, LCA can compare different types of
paving stones and provide information on which have the lowest embedded CO2 emissions
and other environmental impacts. E.g., the use of natural stone would be preferable to
the use of concrete, as concrete has high CO2 emissions in the production as long as
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the overall amount is similar. Furthermore, the use of local materials is preferred as the
transport distance is decisive for the embedded emissions of construction materials. As
most transport is fossil fuel-based and produces local air pollution, transport distances
should be minimized. For the allotments, it can provide guidance on which building
materials should be preferred for the gardens, e.g., locally sourced timber or recycled
materials (e.g., concrete) and under what conditions. Additionally, for houses with only
one floor (which are mostly used in allotment gardens) the construction with natural
materials such as clay, wood, and natural stone is feasible and a real alternative to concrete.

Economy: The economic characteristics of the parking lot compared to the allotment
garden site depend on the economic relations and regulations in a particular country or
region. The parking lot could be owned by a private company or by the city. If it is
owned by the city, the city receives revenue from the residents but also has to pay for the
maintenance. Usually, the maintenance costs far exceed the revenue. However, since the
parking lot already exists, there are no investment costs. In Herne in Germany, the annual
maintenance costs far exceed the fees paid by the residents so that the balance of running
costs would be negative. For the allotment gardens, it would first be necessary to unseal
the area of the parking lot and find tenants. Once the allotment site is established, it would
also generate an income stream from leasing—but since the people who own the gardens
have to look after them, there would be no additional cost to the local government. Thus,
some investment costs would be required, but the running costs would be positive. Of
course, this model—as well as the park model—would only be applicable if there is the
appropriate demand for these uses.

Final decision: Various evaluations have been carried out while decision making with
considering the recommendations and planning goals of the ResourcePlan. The results
show that the different evaluation elements can generate indications for integrated decision
making. Based on the previously identified needs and planning goals, resource efficiency
can be considered in terms of sectoral and local–functional impact. LCA and comparative
costing have a regulating effect on decision making. The final decision must be made in
inter-disciplinary exchange.

4. Discussion

The developed instrument ResourcePlan integrates resource protection as a legal instru-
ment bindingly into the municipal practice and supports integrated strategies and decisions
for the resource-efficient development of urban neighborhoods as a planning instrument.

The concept development as well as the first applications highlight integrative action
at all administrative levels as a key factor for successful resource management. However,
successful implementation is very complex, requiring a high degree of coordination and
consistency (Section 3.2.1). The demands of resource management in terms of content and
law must be systematically operationalized in municipal action. This can be achieved if the
obligation to manage resources is anchored at the highest legal level and is concretized at
the lowest level through framework plans and recommendations for measures.

As a municipal control instrument, the ResourcePlan can significantly increase the
transparency, enforceability, and binding nature of resource-relevant planning decisions
and thus creates short- and long-term liabilities. In regard to [40,41,68], this would provide
further assertiveness in the ambivalence of the political discourse and conflicting goals.
Additionally, implementation obstacles due to missing liability and transparency, such as
those mentioned by [73–75], are reduced. Implementing the ResourcePlan as a package
of instruments (Section 3.2.2) provides great flexibility, since the instruments can be indi-
vidually adapted to specific municipal needs. Instead of having to develop a one-fits-all
instrument, the regulations can be implemented within existing structures, corresponding
to the different ownerships (private/public areas) and life cycle of urban structures (new
construction/existing buildings). Additionally, sectoral aspects might be established more
efficiently in the sectoral framework plans (e.g., wastewater disposal concept).
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On the one hand, this decentralized practice avoids additional legal levels within mu-
nicipal legal structures but rather integrates the requirements into the existing instruments.
Therefore, regulations can be implemented in a more targeted manner with a higher level
of legal certainty. On the other hand, the decentralized approach is more complex and less
manageable. The effort for coordinating the integration in various individual instruments
is higher. In addition, updating the formal and informal instruments cannot always be
carried out flexibly timed. The already implemented regulations must be checked regularly
for actuality and adjusted if necessary. Ongoing inter-disciplinary cooperation beyond
the individual departments must be ensured. Thus, the long-term practicability of the
proposed structures of the ResourcePlan as a package of instruments still needs to be tested.
Although the instrument was developed and evaluated in discussion with stakeholders
from the municipalities, the actual implementation and transfer to other neighborhoods will
offer the opportunity to further evaluate and optimize the structure of the legal instrument.

The developed evaluation framework also allows the ResourcePlan to be used as
a synoptic planning tool for optimizing resource efficiency. (Eco-)system performance,
global environmental impact, and economic efficiency capture important dimensions of
sustainability. In addition to the inter-disciplinary evaluation, sectoral considerations can
be introduced into the decision-making process with sufficient technical detail. In contrast
to other partial evaluation methods (e.g., [69–72]), the multi-methodological structure
therefore allows for needs-oriented application, including global to local as well as intra-
and inter-disciplinary assessments. The concept is based on national and international
targets and current scientific findings. Adaptation to new target values or scientific findings
is possible. In addition, extension to other sectors is possible (e.g., air, soil, mobility). This
ensures good transferability and long-term use.

The conception of the neighborhood as a control and observation area allows for a
highly concrete and binding resource management. In contrast to the large-scale assessment
of the entire city or city districts (e.g., [56,57]), the evaluation is based on functional units
that form a social and infrastructural entity. The evaluations can therefore be carried out
in a much more targeted and needs-oriented manner. At the same time, the definition of
the neighborhood boundaries according to the fuzzy concept of Olaf Schnur [76] ensures
that the external and internal bonds can be considered according to the individual sectoral
requirements. However, the small-scale approach at the neighborhood level can result
in a large increase in effort. In addition, for some sectors, the infrastructure systems
are usually much larger than the neighborhood (e.g., energy system or drainage system,
including wastewater treatment plant). For this reason, it may be appropriate to prepare
ResourcePlans for larger spaces at the same time and then downscale to specific needs
at the neighborhood level. The practicability of this proposal must be demonstrated
in application.

The multi-method structure allows the modules to be applied or updated indepen-
dently. If some aspects are to be prioritized or other aspects are not relevant in the specific
neighborhood context, individual weighting is possible. In contrast, the high degree of
modularity also brings the risk of high complexity. Several stakeholders always must be
involved. Inter-disciplinary cooperation and discussion are necessary. Due to the high
modularity, careful data management is needed for successful application of the Resource-
Plan evaluation framework. Geodata-based processing ensures open interfaces and thus
high flexibility for handling in terms of time and space. At present, smaller municipalities
will still have difficulties in IT implementation, but rapid progress can be expected in this
sector. The scope and quality of sectoral data are constantly improving, as are the IT skills
of employees, so that even small municipalities will be able to develop solutions soon.

The assessment of resource efficiency in terms of area (local–functional analysis)
is innovative and supports the idea of area performance as well as urban ecosystem
performance. At the same time, the approach is spatially and temporally independent and
updatable as well as freely scalable from the neighborhood to the parcel level. It fills the
gap of the missing assessment tools accounting multi-functionality and free scalability, such
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as those stated by [72]. If the tool is updated regularly, many processes can be combined
and simplified with a long-term perspective. However, it must be noted that the evaluation
framework is not conceptualized for benchmarking. Relative improvements within a
neighborhood compared to the previous state can be mapped. However, since needs and
target values differ from neighborhood to neighborhood, an absolute comparison of two
neighborhoods is not possible.

In summary, the findings from the development and initial application phase allow
us to conclude that the ResourcePlan is becoming a suitable tool for making short- and
long-term resource management in the neighborhood much easier and more transparent.
However, future research must focus on long-term applicability of the proposed instrument.
Since the given paper focuses on the theoretical conceptualization and first application of
the ResourcePlan, practical evaluation and optimization are pending. In detail, aspects
for further consideration are (i) the instrument’s complexity (e.g., structure, requirements),
(ii) applicability and comprehensibility for planning purposes, (iii) effort and benefit in
daily municipal routines, (iv) transferability to other neighborhoods and municipalities, as
well as (v) legal assertiveness.

5. Conclusions

The ResourcePlan is an instrument for the resource-efficient development of urban
neighborhoods. It represents both a legal and a planning instrument that was developed in
a transdisciplinary exchange between municipal stakeholders and scientists.

The legal instrument ResourcePlan integrates solution strategies and planning goals
into existing formal and informal instruments of municipal action and avoids additional
legal levels. In the spatial basis of the neighborhood, a more targeted implementation of
locally developed regulations can be achieved with greater legal certainty on the one hand,
but also implies a clear mandate for close coordination and continuity on the other hand.
In addition, to strengthen enforcement at the municipal level, resource protection must be
anchored across all legal levels, as stated in the premises developed for legal integration.

The planning instrument ResourcePlan addresses the increase of resource efficiency at
sectoral resource management of (i) water, (ii) building materials, (iii) energy, and (iv) land.
The integrated, multi-methodological evaluation framework considers (eco)system ser-
vices, global environmental impacts, and economic efficiency. According to the two-stage
approach—ResourcePlan set up and implementation—the instrument can be used multi-
functionally in the development of comprehensive strategies, on the one hand, and specific
decision making, on the other hand, and is therefore scalable from the neighborhood to the
parcel level.

To conclude, the ResourcePlan helps to assess resource efficiency inter-disciplinarily,
supports the spatial identification of synergies and conflicting goals, and contributes to
transparent, resource-optimized planning decisions. The ResourcePlan will only develop
its full impact when it is implemented consistently and over the long term in the municipal
structures as a control element. Ongoing inter-disciplinary cooperation is essential and
must always be continued. In the next step, the instrument must be extensively tested
for further evaluation and optimization. The further investigations should strengthen the
practicability, the effort, the transferability and the planning and legally binding nature of
the ResourcePlan.

Supplementary Materials: The following supporting information can be downloaded at: https:
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