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Outline 
1.  “Cascading”: history & terminology 

2.  Policy implementation: lessons from history 

3.  Discussion points & paths forward 
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2 Resource	cascading	–	origins	and	terminology	

The term “cascading” has in recent years become used with growing frequency in discussions 
on policy strategies pertaining to how to allocate biomass resources in order to maximize 
societal and environmental benefits. This is an issue that has become especially relevant in the 
context of emerging ambitions striving towards a bio-based economy (Asveld et al. 2011; 
Fritsche and Iriarte 2014). The cascading concept itself has been around for several decades, 
but has also taken several different forms, as is reviewed below. 

2.1 Cascading-in-time	
Resource cascading as a concept was introduced in the early 1990’s. Sirkin & Ten Houten 
(1994) explain that the term stems from a metaphor, where the stepwise use and re-use of 
resources is analogous to “…a river flowing over a sequence of plateaus” (Sirkin and Ten 
Houten 1994, p.215). The basis for resource quality which they define as “…the capacity to 
perform tasks at various degrees of difficulty” (Sirkin and Ten Houten 1994, p.216), similar to 
the concept of exergy in physics (Odegard et al. 2012).  

This original idea of the cascade chain is that resources should be re-used sequentially in the 
order of the specific resource quality at each stage (see Figure 1). This would enable the 
resource to stay longer in the system and thereby reduce the need for additional resource 
extraction and reduce strain on natural resources (Fraanje 1997). If the concept is applied for 
biomass resources, the potential of long-term carbon storage in wood products has also been 
highlighted (Sikkema et al. 2013). Following Odegard et al (2012), we refer to this as cascading-
in-time. 

 

Figure 1. The cascade chain (adapted from Sirkin and Ten Houten 1994) 
 

There are conceptual similarities between cascading-in-time and the waste hierarchy (also 
known as “Lansink’s ladder”). The waste hierarchy as specified by the European Commission 
(2012a) lists five different waste management methods and the priority in which they should be 
used: 

 

Aim is to maximize 
Utility Effect = Resource Quality x Time  

(Sirkin & Ten Houten, 1994) 
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How to measure Resource Quality? 
•  Market value? 
•  Utilization value? 
•  Energy content? 
•  Invested effort? 
•  Replacement equivalency? 
•  …? 
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Figure 2. An illustration of the “cascading in value” concept. Adapted from Vis et al 
(2014).  

Vis et al (2014) argue that cascading-in-value is primarily to be used within a cascading-in-time 
framework, as a means of finding the cascade-in-time chain that maximizes value, otherwise, 
“…cascading in value becomes a (simple) selection process of what application is preferred 
with a given type of biomass” (Vis et al. 2014, p.17).  

2.3 Cascading-in-function	
Cascading-in-time and cascading-in-value are arguably the most prominently used definitions of 
cascading, but Odegard et al (2012) also mention a third definition called cascading-in-function. 
This puts focus on the importance of optimal use of each subcomponent of e.g., a tree, with the 
objective of ensuring that each part of the tree is used for an optimal purpose. This bears close 
resemblance to the function of a biorefinery, which as defined by Cherubini (2010) is “a facility 
(or network of facilities) that integrates biomass conversion processes and equipment to 
produce transportation biofuels, power and chemicals from biomass” (Cherubini 2010, p.1414). 
Based upon the conceptual setup of a crude oil refinery, biorefineries process biomass into 
several different products in a way that maximizes value. A key difference between cascading-
in-time and cascading-in-value on the one hand and biorefineries/cascading-in-function on the 
other is that the latter more strongly emphasizes simultaneous production of several different 
bioproducts (Keegan et al. 2013; Sokka et al. 2015). 

  

“Cascading-in-time” “Cascading-in-value” “Cascading-in-function” 
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Policy 
document 

Bioeconomy 
Strategy 

Forest Strategy Circular Economy 
Package 

iLUC 
Directive  

Key terms 
associated 
with 
cascading 

• Value added 
• Resource 

Efficiency 
• Re-use 
• GHG 

emission 
reduction 

• Value added 
• Job creation 
• Carbon 

storage 

• Resource 
Efficiency - 

Role of 
bioenergy 

• Other uses 
of biomass 
than 
bioenergy 
should be 
prioritized 

• Bioenergy 
second lowest 
priority 

- 
Other uses 
of biomass 
than 
bioenergy 
should be 
prioritized 

Table 1. Framing of cascading in different EU policy documents 
 

There is not complete coherence across the different policy areas as to what is meant by 
“cascading”, nor which policy goals cascading is supposed to serve. An important question is if 
the different potential benefits associated with cascading be achieved at the same time, or if 
there are conflicts between e.g. a cascade chain designed to maximize value added and one 
that is aimed at maximizing carbon storage.  

3.2 Implementation	of	the	cascading	principle	in	national	policies	
in	EU	countries:	examples	from	Germany	and	Flanders	

As was noted above, cascading is formally included as a component in EU energy policy with 
the adoption of the “iLUC directive” (EU 2015/1513). But, exactly if/how this is to be enforced at 
the member state level is as of yet uncertain. However, even before the adoption of the iLUC 
directive, the cascading principle has been an introduced as a component in policies of several 
individual member states, especially pertaining to strategies for progress towards bio-based 
economies. Below we review two examples of this, one from Germany and one from the 
province of Flanders in Belgium.  

3.2.1 Cascading	in	national	policy:	Germany2	
The bioeconomy concept with cascading use (and use of by-products) as one favourable 
component is widely promoted in Germany for example within the national research roadmap 
bioeconomy “BioÖkonomie 2030” (BMBF 2010; BMEL 2014b) and biorefineries (BMELV 2012), 
the National action plan for industrial use of renewable resources (BMELV 2009); R&D e.g. 
within the Leading-Edge Cluster Bioeconomy (Thrän et al. 2014). This bioeconomy sector 
today, compared to other established wood uses, is relatively small. 

The most relevant biomass material flows with respect to cascading use in Germany are wood, 
waste wood and biowaste. The policies with the most wide-ranging impacts on cascade use 
currently adopted are the policies on End-of-Life management of waste wood (AltholzV/KrWG) 
and the policies on treatment of organic waste (BioAbfV/KrWG). Both waste treatment 
ordinances introduce regulations on collection quotas and recycling targets. In parallel, the 
                                                        
2 Section 3.3.1 is a summary of a longer case study written by Jens Ponitka, Jakob Hildebrandt & Daniela Thrän. The 
full case study is attached as Appendix A.  
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Bioenergy in the cascading debate 
•  Low(est) priority in cascading hierarchies 

•  Bioenergy often seen as a problem that 
cascading can solve 

•  Policy implementation? 
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Historical parallels  

•  1975 - 1991: European ban on use of natural 
gas for electricity  

•  1976 - 1991: Swedish rationing on the use of 
wood for energy 

•  2008 - :  Flanders policy rationing of woody 
biomass for industry 
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4.1.2 	European	 Ban	 on	 the	 Use	 of	 Natural	 Gas	 for	 Electricity	
Generation:	Directive	75/404/EEC7	

This case highlights the effects of attempting to address notions of resource scarcity by 
regulations that restrict resource use only to specifically designated sectors. In focus here is the 
EEC (European Economic Community, forerunner of the European Union) ban on the use of 
natural gas for electricity generation that was introduced in the mid-1970s and remained until 
the early 1990s.  

As a response to the 1973 oil crisis and ensuing widespread perceptions of acute resource 
scarcity, legislation was in 1975 passed in the European Economic Community that effectively 
banned expansion of the use of natural gas for electricity generation. According to EEC 
directive 75/404/EEC, electricity production from natural gas was only allowed “…if the natural 
gas cannot be put to a more profitable use“. Before the directive was put in place, the share of 
natural gas in the combined electricity mix of the EEC countries had expanded rapidly, from 1% 
in 1968 to 13% in 1975.  

 

Figure 3. Electricity mix in the 1973 EEC countries (Belgium, Denmark, France, Germany, 
Ireland, Italy, Luxembourg, Netherlands & UK) 1960-2012. Data source: IEA & World Bank 
 

As can be seen in Figure 3, the implementation of the directive clearly broke this trend and by 
1980, the share had fallen to 9%. Instead, coal & nuclear increased their shares in the electricity 
mix.  

In 1991, the ban was lifted as a result of a) a general trend of liberalization of energy markets, 
b) realization that the fears of resource scarcity had been exaggerated and c) that the 
environmental benefits of natural gas vis-á-vis coal (regarding both CO2 and sulphur oxide 
emissions) were too important to be ignored. The latter point was strengthened by notable 
technological advances in the development of high-efficiency Combined Cycle Gas Turbine 
(CCGT) power stations. After the ban was lifted, natural gas-fuelled power production expanded 
rapidly, especially in the UK.  
                                                        
7 Section 4.1.1 is a summary of a longer case study written by Olle Olsson. The full case study is attached as Appendix 
D. 
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Swedish wood fiber law 1976-1991 
•  Introduced in late 1970s to ensure reduce 

competition over forest resources 
•  Results: 

–  Hampered development 
–  Nurtured opportunistic behaviour 
–  Biased market incentives 

•  Regulation goals could be reached using 
other means (more imports & mobilizing of 
resources) 
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Flanders: materials hierarchy  
•  Industrial resources not to be used for energy 

•  Panel & paper industry consulted in approving 
use of resources 

•  Key question: how to decide what is an industrial 
resource? Who decides? 
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Lessons from history 
•  Administrative resource 

allocation problematic: 
–  Non-flexible 
–  Lobbyism vs. markets 
–  National rules vs. 

international trade 

•  Sound precedent for 
bioeconomy policy? 
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Conclusions 
•  Cascading terminology confusion 

–  No consensus on what “cascading” is 
–  Using undefined concepts in legislation is problematic 

•  Historical cases highlight risks of regulating 
resource allocation 

•  Policy coherence (Bioeconomy, Renewable 
energy, Circular economy, Forest strategy…)? 
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