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Denmark; bDepartment of Engineering Science and Mechanics, Pennsylvania State University, 
University Park, PA 16802, USA 

ABSTRACT   

Design for Environment (DfE or ecodesign) aims at developing products with an enhanced environmental performance, 
without compromising functionality and other key requirements (such as cost and quality). Common DfE guidelines for 
product design include: reduction of material diversity, extension of useful life (e.g., by enabling repair and upgrade), 
avoidance of toxic materials and nonrenewable resources, use of recycled components, and ease of disassembly and 
recyclability after the end of useful life. DfE requires the integration of environmental considerations into the traditional 
design processes, supporting decisions that could enhance the environmental profile of the product. Biologically-
inspired-design (BID) teams identify and isolate the core principles of relevance for systems, products, and processes 
from the bioworld for consideration and possible incorporation during each of the design stages. Synergies and potential 
trade-offs existing between DfE and BID must be considered when integrating the two methodologies into Biologically 
Inspired Design for Environment for the design of products and systems. 
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1. INTRODUCTION  
Concern about sustainable development is mounting as resource consumption and pollution levels on our planet increase. 
In 1987, the Brundtland Commission of the United Nations1,2 defined sustainable development as “development that 
meets the needs of the present without compromising the ability of future generations to meet their own needs.” The 
Commission considered three areas of concern for sustainable development: (i) environment, (ii) social organization, and 
(iii) economy. Technological development as well the global connectedness of human society currently require the 
imposition of serious curbs on consumption, especially considering the limited availability of resources (both renewable 
and non-renewable) and the limited ability of the biosphere to absorb wastes excreted by human activities. However, 
both technological development and social organization can be managed and improved to make way for enhanced 
economic growth and global equality. Sustainable development requires lifestyles that are consistent with the planet's 
ecological boundaries, for instance, in their use of raw materials and energy. Also, population increase needs to be in 
harmony with the changing productive potential of the ecosystem. 

The quest for sustainable development was taken further in the 2030 Agenda for Sustainable Development which, in 
2015, resulted in the United Nations General Assembly adopting 17 Sustainable Development Goals (SDGs).3 The SDGs 
are operational goals focused on concrete actions. All 17 can be considered as relevant to the previously mentioned three 
areas of concern: the environment (also referred to as the biosphere), social organization, and economy.4 It is worth 
noting that SDG#12 (Responsible Consumption and Production) is a challenge for most countries – and especially the 
developed countries (Fig. 1). The development, manufacture, and post-use disposal of products are at the heart of most of 
the unsustainable activities –– from the environmental, social and economic perspectives.5  

In order to enable the growing world population to exist with a desirable living standard for all without seriously 
impairing the biological environment, it is imperative that we carefully design our societies and ways of living so that 
energy generation and resource consumption are sustainable. This is what Design for Environment (DfE) or ecodesign is 
about. DfE integrates environmental considerations across all design activities, including: analyses of a problem, creation 
of conceptual solutions, embodiment of those concepts, and detailed design. The integration of environmental 
considerations right from the early design phases helps develop products with a lower environmental impact across the 
life cycle (from raw material extraction and manufacturing, to use and end-of-use/end-of-life).  
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Different DfE approaches, methods, and tools can help to complete the different activities in an effective and efficient 
way. Biological inspiration is an approach to stimulate searches for good solutions and the bioworld may even provide 
detailed instructions for implementing some of those solutions. 

 

 
Figure 1: Global status of SDG#12.6 

 

Biologically Inspired Design (BID) can be used to address and propose actions within all three areas of concern for 
sustainable development, with a special focus in using inspiration from the bioworld to solve problems relating to the 
biosphere. The following SDGs can be impacted by BID: 

 SDG 6: clean water and sanitation,  

 SDG 7: affordable and clean energy, 

 SDG 13: climate action,  

 SDG 14: life below water, and  

 SDG 15: life on land.  

Both economy and social organization are human constructs and, even though inspirations for their improvement can be 
found in the bioworld, the dominant application of BID is for technological solutions in line with SDGs 6, 7, 13, 14, and 
15. The bioworld presents many approaches that can be adapted for circular economy, resource efficiency, and 
ecosystem balances. 

There are numerous examples of natural systems in balance where many different organisms coexist and often benefit 
from symbiotic relations. Well known are the forest ecosystems where old trees fall and are degraded by insects and 
fungi into soil for the benefit of new plants. Also, many organisms showcase impressive examples of strategies for 
survival in extreme conditions. Polar bears live through the arctic winter without eating for several months. Frogs 
survive being deep frozen without the formation of destructive ice crystal inside their cells. The bioworld also suggests 
that resource consumption must be minimum. Ceramic materials with high toughness but formed at room temperatures 
are found in mollusk shells. In contrast humans need very high temperatures and considerable energy for producing 
similar materials, for instance, to make ceramic cups and dinner plates. There are many excellent models in nature for 
organizing circular resilient systems and optimizing for resource efficiency.  

However, the bioworld is not always a good model that complies with the ethical standards of human beings, and 
emulating it may actually be undesirable from environmental considerations. For instance, will the burned-soil strategy 
commonplace in American redwood forests be acceptable as a model for control of agricultural pests? Similarly, will the 
predator-prey relationship be desirable as a model for population control? The bioworld also exhibits unacceptable 
fluctuations such as the great grasshopper swarms that destroy large agricultural fields in Africa at regular intervals. 

Another limitation in BID is the complexity in the bioworld. Many natural phenomena appear simple at first glance, but 
careful studies clarify the many intricate mechanisms assuring a desirable effect. Also, biochemical mechanisms underlie 
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many biological processes, which makes it hard for designers and many engineers to understand those processes without 
proper training. 

2. DESIGN PROCESSES 
2.1 Design process phases 

New and improved products are developed in a design process. Design activities take place when artifacts and systems 
need to change. The design object can be either a single product or a system involving several products that interact and 
impact the functionalities and performances of each other. The principal design processes are the same for all design 
objects. 

The design of a product or system typically involves four phases in the following sequence:7 

 definition and clarification of the need for the product or system; 

 conceptualization of the product or system and the production/realization process; 

 preparation of its embodiment to focus the attentions of all stakeholders; and 

 creation of the necessary detail for production and realization. 

The following example illustrates the activities within the four design phases. Suppose that a new type of electric vehicle 
suitable for transportation over short distances is being developed. In the first design phase, the opportunities for 
different target user groups have to be analyzed. The targeted users may be young individuals, families with children, 
and/or senior citizens. Apart from the specifications for the specific vehicle there will be context and system 
investigations: Where and how the vehicle should be charged and different types of ownership or rental models must be 
evaluated. Solutions must be compared with competing solutions such as cars, bicycles, buses, subway trains, and trams. 
Conceptualization activities encompass the envelope considerations such as whether the vehicle should include a cabin 
for protection against inclement weather or if it should be open like a scooter. At the embodiment phase, specifics about 
how to shape and layout the product must be decided and could include consideration on the number of wheels and the 
placement of the motor in the vehicle. Finally, in the detailed design phase, the concrete dimensions have to be decided 
and a detailed material-selection process must be undertaken. 

3. DESIGN FOR ENVIRONMENT 
DfE aims for integrating environmental considerations into the early stages of the product development process, because 
about 80% of the environmental impacts of a product can be defined in the early design phases.8 At the same time as 
enhancing the overall environmental performance of a product, it is important not to compromise other key traditional 
requirements (such as cost, quality, and aesthetics) so as to ensure that the products are competitive in the market and can 
actually replace less environmentally sustainable products.9 

3.1 Problem definition phase 

Hotspots for impact minimization across lifecycle phases are identified in the problem-definition phase of DfE, i.e., the 
environmental hotspots to be approached are determined (both in terms of lifecycle stages and environmental aspects). 
Several tools are available for the quantification of the environmental hotspots across the product life cycle, including 
qualitative, semi-quantitative and quantitative tools (such as Life Cycle Assessment). 

One example of a semi-quantitative (or screening tool) is the MECO matrix,10 whereby the use of materials, energy, 
chemicals, and other resources is delineated for each life-cycle phase (i.e. materials, manufacture, transport, use, and 
disposal. An example of the MECO matrix is shown in Fig. 2. On the basis of the collected data for each one of the cells 
for a reference product (which can be an existing product or a competitor´s product), it is possible to identify the key 
hotspots that will drive product development. 
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Figure 2. The MECO matrix for identification of environmental hotspots. 

Mapping of the applicable ecodesign-related legal issues and standards is also a key activity at this stage. Over the past 
few years, there has been an exponential growth in the volume and coverage of legislation dealing with the 
environmental performance of products across the entire life cycle.11 Understanding the competitive landscape is also 
key for the task clarification – and can be carried out by analyzing competitor products in the market, by mean of 
ecobenchmarking studies.12 

3.2 Conceptualization phase 

Most opportunities for DfE implementation rely on the conceptualization phase, with the definition of the key 
characteristics of the product that will influence the environmental performance of the product across the entire life 
cycle. The next activity in the design process is related to the function analysis, which brings the opportunity to find new 
ways to deliver functions to the user with enhanced environmental performance. Several different product concepts are 
then developed in order to achieve the required solution (on the basis of lists of product specifications and requirements). 
In order to support this process, several DfE strategies can be implemented using guidelines and design options such 
as13: 

 reduction of material diversity. In our quest for high-performance products, the numbers of materials used in 
many products have risen sharply. For example, 600 different plastic materials are used in electronic products.14 
This high number severely limits post-use recycling of materials, the logistics becomes complicated, and the 
identification as well as the correct processing of diverse materials also becomes an overwhelming challenge. 

 extension of useful life (e.g., by enabling repair and upgrade). Traditional business models encourage shorter 
product-use cycles, which puts pressures on resource availability as well as waste-handling systems. Several 
guidelines are available for the development of products that can be upgraded, repaired, reused, refurbished, 
remanufactured, and repurposed (which has become increasingly important in a circular economy).15 By 
implementing these guidelines, the useful life of a product can be significantly extended, which enables the 
delivery of the function with a minimized resource use. Furthermore, the adoption of product-service-system 
business models, which implies changes in the product ownership structure from the user to the provider, 
change the basic incentives and encourage longer product-use cycles, reparability, and recycling.16 

 use of recyclable and recycled components. Many products today are not designed with end-of-life scenarios in 
mind. The consequence is that the recycling of products is difficult, both technologically and economically. 
Several strategies exist to enable the design for recycling, cascading, and energy recovery.15 While recycling 
and cascading enable an extension of the material lifetime, energy recovery (e.g., for heating) facilitates circular 
economy. It is important to remember that the extension of the product lifetime is often preferred to the 
extension of the material lifetime, as most of the manufacturing value aggregated is retained.  

 maintenance of a healthy environment. Many toxic and hazardous materials are still used for the manufacturing 
and operation of products, causing serious damage to the environment and biosphere when released (e.g. 
through contamination of air, water and soil). Laws exist to control the use of those toxic substances (e.g. 
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REACH17 and RoHS18). Hence, available alternative materials and chemicals with similar mechanical, thermal, 
and chemical properties should be considered during the design process. 

 reduce the use of nonrenewable resources. Use of renewable materials and energy sources is preferable to the 
use of non-renewable materials, because the latter increases the environmental pressure both in terms of scarcity 
and carbon footprint. It is important to remember, however, that renewable materials are not always better from 
an environmental perspective, and a detailed analysis should be carried out before their adoption. 

With the alternative concepts created, the last activity of the conceptualization phase is related to the evaluation and 
prioritisation of the concept to be further developed in the next phase, embodiment design. Among the many tools that 
can support the designer in this task is the ecoconcept spiderweb.19 

3.3 Embodiment phase 

Embodiment design is the phase in which the selected concept is further developed into a design that can lead directly to 
production. By this time, the design of the product is defined to a level in which it is possible to start quantifying its 
environmental performance, by using more robust, quantitative, and comprehensive tools. One of the most well-known 
and applied tools for the quantification of the product environmental performance is Life Cycle Assessment (LCA). Life 
Cycle Assessment aims to evaluate the environmental burdens associated with a product, process, or activity by 
identifying energy and materials used and wastes released to the environment, and to evaluate and implement 
opportunities to affect environmental improvements. Simplified LCA, also known as Streamlined LCA, has recently 
emerged as a quick and efficient way to evaluate the environmental attributes of a product, process, or service life cycle 
via a short screening process. LCA has gained broad acceptance in industry as a trustworthy tool to quantify the 
environmental aspects and potential impacts of the life cycle of products. The LCA methodological framework has 
matured to a standardized approach, defined by ISO 14040 and ISO 14044 standards20,21 that describe the minimum 
requirements for its correct use and performance. 

3.4 Detail-creation phase 

The last phase in the design process encompasses detailed design, whereby the final product is defined together with its 
dimensions, materials, and manufacturing processes. A key ecodesign activities to be considered at this point is the 
identification, qualification, and management of suppliers; in turn, each of those suppliers should consider their 
environmental performance along with the environmental performance of the products/components/materials that it 
supplies. Finally, it is also important to communicate the environmental performance of the product as part of the total 
value proposition.  

4. BIOLOGICALLY INSPIRED DESIGN 
The bioworld provides many examples of environmental sustainability. The notable characteristics of biological 
organisms include:  

 energy efficiency of chemical reactions and materials synthesis, 

 multifunctionality whereby a certain organ performs multiple functions, and 

 resilience provided by alternative strategies to overcome failures. 

The bioworld also has numerous symbiotic systems wherein (i) waste from one organism is food for another and (ii) 
organisms of two different types have a mutually beneficial relationship, as exemplified by mycorrhizal symbiosis and 
bee-initiated pollination of plants. 

Biologically inspired design is the activity of using inspiration from the bioworld to develop technical solutions and it is 
also referred to as biomimetics, biomimicry, and bionics.22–25 The exact meaning of each term is slightly different. For 
instance, biomimicry is often used for the integration of BID and DfE.  

BID is carried out in two basically different ways:26  

 problem-driven BID: the starting point is the technoscientific problem for which suitable biological analogies 
and/or replicates are sought; and  
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 solution-driven BID: knowledge of the core principles of a biological product or process motivates the search 
for suitable technoscientific applications.  

BID can be applied to single products (e.g., building materials) and to larger systems (e.g., traffic planning, crowd 
control, and urban planning). Since environmental concern is the starting point for DfE, problem-driven BID is the more 
relevant approach for DfE/BID integration. 

 
Figure 3. Phases in problem-driven BID. 

As described in Fig. 3, problem-driven BID involves four phases before the design phase. The first four phases of BID 
include: problem definition and understanding, search, analysis, and enunciation of principle(s). Finally, the chosen BID 
idea is applied in the design phase in a similar way as in traditional design. The design phase involves the inspiration of 
an idea followed by the generation of a concept that can be applied practically to solve the problem identified in the first 
BID phase. The phases of problem-driven BID can be incorporated in any one or all of the last three phases of DfE (i.e., 
conceptualization, embodiment, and detail-creation). 

4.1 BID for the conceptualization phase 

The design phase involves the inspiration of an idea followed by the creative generation of a concept that can be applied 
practically to solve the problem identified in the first BID phase. Concepts are traditionally generated through 
brainstorming, but BID requires searches in the bioworld to identify the strategies used in animals and plants to solve 
similar functional problems. Every search output is analyzed to identify the underlying functional principle, leading to 
ideation that makes it easier to create conceptual solutions. Thus, a bioworld strategy is extracted and interpreted to 
extract the functional principle, which is formulated in a way useful to the design process. Biocards are often used to 
facilitate this translation from biological descriptions into inputs for the conceptual work.27 

The flow from several ideas to a final concept means that the solution is placed in its context alongside scenarios for 
specific uses and interfaces with other products and/or systems. For the transportation example, legged motion emulating 
numerous mammals will have to be ruled out if the terrain were flat and smooth; however, it will have to be considered 
seriously if the terrain were rugged. 

4.2 BID for embodiment phase 

During the embodiment and detail-creation phases of DfE, a comprehensive description of every viable concept 
generated by BID is needed. The morphology of the product or system and the arrangement of its constituent elements 
are determined in embodiment design. For embodiment of legged motion in the transportation example, the numbers of 
limbs and hinges as well as the placements of actuation and energy-storage elements will have to be decided. 

4.3 BID for detail-creation phase 

The process of creation of detail goes a step further to add specific dimensions and other specifications. An even more 
detailed understanding of the biologically inspired strategy is needed.  For creating details of legged motion in the 
transportation example, spatial dimensions and weights of all constituent elements will have to be specified. If a 
kangaroo is chosen as an exemplar, detailing will involve finding equivalent materials for bones, actuators, and energy-
storing dampers, and determining their dimensions scaled for the actual application. 

Proc. of SPIE Vol. 11374  113740E-6
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 06 Nov 2020
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 
 

 
 

 
 

Other examples at the product level include: the self-healing nanostructures for polymer wires inspired by the reversible 
molecular-binding mechanisms in mussel byssus thread that can unsnap and snap,28,29 the delicate multilayer 
construction in Morpho butterfly-wing scales that produce structural colors,30,31 and biological pest control using 
replication of surface features of the elytra of the emerald ash borer.32,33 

Examples at the system level include: the multi-criteria optimization performed by the slime mold that can help in 
planning the layout of railroads or motorways,34–36 and the democratic decision processes bees demonstrate when 
looking for new hives.37–39 

5. BIOLOGICALLY INSPIRED DESIGN FOR ENVIRONMENT 
The starting point for DfE is the minimization of the overall environmental impacts across the product life cycle, which 
can be understood as “an environmental problem requiring a solution”. The impact can be minimized by redesigning a 
specific product or the way it is used. To this end, problem-based BID could be an applicable approach. After analyzing 
the problem, a search is conducted for bioworld processes that overcome issues identified during analysis. Relevant 
information is extracted about every bioworld process, functional principle(s) are identified, and solutions are proposed 
during the conceptualization, embodiment and detail-creation phases. All proposed solutions are comparatively assessed 
to identify the ones with superior potential for environmental sustainability. 

Both DfE and BID can be applied at the product level and/or the system level. An example where both methodologies 
apply at the product level is the texturing of the surfaces of ship hulls that will be submerged in water. The texturing is 
inspired by sharkskin scales and reduces energy consumption because of drag reduction.40 It also imparts anti-fouling 
characteristics, thereby minimizing marine pollution by toxic paints. An example at the system level is furnished by 
decentralized traffic control inspired by flocks of birds and schools of fish.41,42 More resilient traffic control systems can 
be realized with a minimum of (energy-consuming) infrastructure, since control is decentralized and taken care of by 
local traffic units that follow a set of simple rules. 

5.1 Problem-definition phase 

An environmental-sustainability assessment should be made to identify problematic issues needing amelioration (e.g. 
sustainability hotspots). First, the magnitude and characteristics of a problematic issue are estimated. One approach is to 
use sustainability screening, which could be done with the MECO matrix. For the transportation example, the MECO 
matrix will encompass the amounts of different Materials (e.g., steel and rubber) used in a vehicle divided by the lifetime 
mileage of the vehicle; fuel (i.e., Energy) consumption rate; Chemicals added to the fuel, protective coatings, and 
decorative coatings; and the environmental consequences of accidents (Other). The functional unit (i.e., the total energy 
equivalent for transport of a person/kilometer) can be used to compare automobiles with buses and bicycles. 

The functional unit is also useful when searching for and comparing with bioworld solutions. For example, the functional 
unit in the transportation example will lead to an examination of various ways of transport in nature such as walking by 
humans, running by animals, sliding by slugs, slithering by snakes and earthworms, flying by birds, and swimming by 
aquatic species. In the problem-definition phase, relevant BID considerations could be what level of solutions that are 
sought, if the solutions should be at the product level (e.g., diverse vehicles) or the system level (e.g., transportation 
infrastructure and ridesharing options).  

As mentioned earlier, bioworld solutions are not necessarily environmentally sustainable. These solutions can be highly 
advantageous but, in some cases, can prove harmful because of massive scale-ups necessary for widespread application. 
Even a very elegant and energy-efficient solution from the bioworld can have undesirable consequences when used 
repeatedly, just like any other type of technical solution. To evaluate if a solution, whether inspired by the bioworld or 
not, is desirable, an environmental assessment must be carried out for comparison against alternative solutions. It is also 
important to take a life-cycle perspective, to avoid burden shifting from one life-cycle stage to the next. 

5.2 Conceptualization phase 

In order to address the identified environmental hotspots, several DfE guidelines can be selected for further exploitation, 
e.g., to optimize the product lifetime or minimize energy consumption. 

At the product level, BID requires a search for biological mechanisms that overcome a similar problematic issue. For 
example, if energy consumption for marine transport needs to be minimized by drag reduction, the release of air bubbles 
could be harnessed in emulation of emperor penguin.43 The BID idea comprises the air bubbles and their impact on flow 
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patterns, but it becomes a concept when specific ways of generating air bubbles and ensuring their correct distribution 
over a ship hull are planned.  

At the system level, conceptualization invokes BID to search for ecosystems where many organisms or individuals 
interact. For example, the manner of handling human waste can be inspired by the way social insects such as ants 
organize to carry out the analogous activity of keeping anthills clean. It is not only a question of noticing that individual 
ants can transport unwanted matter away from the anthill. It is about understanding the division of labor among the 
various denizens of the anthill, the physical layouts of waste-disposal locations, and the decentralized organization in 
which every ant knows what to do without supervision by an overall control center.44 In other words, it is about 
understanding the biological system rather than the biological organisms in that system.  

Product-level consideration for the transportation example could be on ways to minimize energy consumption by a single 
vehicle. The high energy efficiency of kangaroo motion could inspire energy recovery when a vehicle is halted. System-
level consideration could be on how collaboration among members of a flock of birds improves the energy efficiency of 
a particular bird in that flock. For instance, drag is lowered when birds are flying in formation or penguins keep warm by 
moving from the center to the outskirts of the flock. 

Finally, every proposed solution must be assessed to determine if it can overcome the specific problematic issue. 
Furthermore, the environmental performances of alternative solutions can be evaluated to identify potential impacts and 
benefits, and to support decision-making towards the selection of the most promising concepts from an environmental 
perspective. Whenever trade-offs are encountered, BID principles can be used to overcome the contradictions and/or 
come up with alternative concepts. 

5.3 Embodiment phase 

During the embodiment phase, more morphological information will be transferred from the bioworld to engineering. 
Relevant to the transportation example, this information could include: the muscle-tendon-ligament structure of kangaroo 
bodies for energy recovery (product level) and the dimensions as well as the shapes assumed by a single bird during 
flight segments of different types as well as the organization of the flock during flight (system level) and their alignment 
mechanisms.  

In this phase, a detailed environmental assessment of the product (e.g., by using quantitative tools such as LCA) can be 
carried out to support decision-making regarding material selection, value-chain configuration, etc. 

5.4 Detail-creation phase 

The creation of detail can benefit from BID. For the transportation example, the detailed mechanics and biochemical 
mechanisms for energy storage and recovery would be needed at the product level, and detailed maps of flying flocks 
with dimensional information at the system level. 

Furthermore, the results of the LCA studies can be used for external communication (e.g., through labelling and 
certifications), thereby enabling full transparency regarding the environmental performance of the developed product. 

6. DISCUSSION 
DfE and BID are well-established paradigms with developed theoretical methodologies and tools, but presently the two 
have not been combined in a way for them to be used together efficiently and effectively. Salient issues underlying the 
integration of DfE and BID into Biologically Inspired Design for Environment (BIDfE) include: 

 Getting inspiration from the bioworld for the development of products with enhanced environmental 
performance. Whenever an environmental hotspot is identified, BID can contribute with biological equivalent 
solutions that address the same underlying problems. When solution principles are transferred, it can be 
assessed whether the biological inspired solution has better potential environmental performance. 

 Capability of identifying new solution principles capable of addressing the “well-consolidated” DfE guidelines 
(such as minimize energy consumption or facilitate disassembly). One possible approach could be establishing 
biological examples for each guideline in order to showcase and motivate for extended use of BID examples for 
DfE. 

Proc. of SPIE Vol. 11374  113740E-8
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 06 Nov 2020
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 
 

 
 

 
 

 Disruptive innovations for radical improvements in terms of environmental impact. A compendium of BID 
examples which illustrate and document the increased performance could stimulate the wider integration of DfE 
and BID, and lead to the identification of generic design principles. 

 Insights from BID for all life-cycle stages (from raw materials and manufacturing to use to end-of-life). Case 
stories of how BID can contribute to all life-cycle phases also contribute to a wider use of BID for 
environmental concerns. 

 Support from BID for consideration of user behavior during the use phase. BID has typically focused on 
finding equivalent solutions to functional problems, but the dynamic behavior of animals and plants can also 
inspire the design and implementation of new and more appropriate behavioral patterns for human beings. An 
ever-growing compendium of BID examples will pave the way for wider use. 

 Comparison of solutions for appropriateness. DfE is compatible with the selection of appropriate solution 
principles and concepts from a palette of possibilities. As the context and expected-use scenarios known for 
conceptual solutions, consequences for the market and the environment can be estimated and compared. 
However, a challenge exists in how to assess and compare solution principles when the context and the 
expected-use scenario for a product or system is not yet defined. On the other hand, there is a need for criteria to 
classify and sort solution principles if the palette is large. 

 Minimization of the solution space by incorporating DfE constraints. DfE brings additional constraints for the 
BID process, which may considerably minimize the solution space. On the other hand, a clear environmental 
goal can facilitate a more focused search and justify the extra work needed to consider both areas. 

 Evaluation of new radical solutions from an environmental perspective. This may be difficult not only due to 
lack of data availability but also because of uncertainty in how radical solutions will affect use patterns and 
impact the use of associated products. 

 Devaluation of BID solutions due to poor environmental performance. As a good BID solution may receive 
lower priority because of poor environmental performance, careful evaluation of potential trade-offs (e.g., 
higher functionality vs. inferior environmental performance) must be undertaken. 

A strength of BID is that it transfers insights from one discipline into another, but that feature also represents a challenge 
since it requires that the development arena includes actors from both worlds being able to analyze the environmental 
challenges and at the same time understand the complexity of the bioworld. The challenge can be addressed by training 
and educating designers in a multidisciplinary fashion. It can also be addressed by stimulating and training experts from 
diverse disciplines in efficiently carrying out interdisciplinary development work through collaboration, but that will 
require overcoming the inertia of already-cast mindsets. 

7. CONCLUDING REMARKS 
Design for Environment has well established theories and tools for addressing the analysis of environmental performance 
and for proposing better solutions. However, even though asking the right question is half the solution, DfE can benefit 
from Biologically Inspired Design to create new and often innovative solutions. For the integration of both into 
Biologically Inspired Design for Environment, new methods and tools are needed along with successful case stories to 
illustrate and motivate increased application. 
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