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ABSTRACT 

The article is a revised version of the findings from a research investigation carried out at the Inter- 
faculty Department of Environmental Science, University of Amsterdam, for the Dutch Ministry of 
Environment (Sirkin and Ten Houten, 1993). The general aim of the research was to investigate the 
implications and applications of the concept and the principles of cascading (Sirkin, 1990) as a tool 
for the appropriate design of products and production processes; and furthermore, as a possible foun- 
dation for a sustainable resource management policy. 

Among the questions set out to be answered were the following: ( 1 ) What possibilities lie in the 
application of the cascade concept for the appropriate exploitation of the intrinsic and extrinsic prop- 
erties of resources, substances, materials and products? (2) What does the appropriate use of resource 
potential and resource quality mean for the design of products? (3) What examples can he found in 
industrial practices, product design or in resource utilization systems where the principles of cascad- 
ing are already applied? (4) Is it possible to apply the principles of cascading at the industrial or 
company level; and what kinds of problems arise when attempting to do so? How can they be solved? 
( 5 ) What are the implications of cascading for the concept of integral chain control, and its applica- 
tions for environmental policy? (6) What are the implications of cascading in relationship to an even- 
tual sustainable resource management policy? And what strategic policy measures can be derived? 

Answering these questions, and attempting to set cascading into an operational framework within 
the context of sustainability, required revisions and further development of previously formulated 
cascade principles. The cascade chain concept, presented in this article, is the result of these revisions. 
The theoretical foundations of the cascade chain model as a tool for achieving resource sustainability 
are presented in Part I. Part II presents various examples of cascade systems and discusses the cascade 
chain implications related to product design, industrial practices and subsequent resource manage- 
ment policies. Part III consists of a summary and conclusions with policy recommendations and rec- 
ommendations for further areas of investigation. A glossary of terms has been attached at the end of 
the article. 

* Corresponding author. Tel + 45 86 199 384. Fax + 45 86 108 228. 
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Cascading:	origins	

(Adapted	from	Sirkin	&	Ten	Houten,	1994)	

DISCUSSION BRIEF

Cascading of woody biomass: The tricky path from principle    
to policy to practice

The concept of “cascade use” or “cascading” of wood has risen 
to prominence in recent years in separate but related discus-
sions within the European Union about renewable energy, the 
“bio-based” economy and the “circular” economy.

Cascading is a complex concept, but put simply, it means that 
natural resources should be used and recycled for as long as 
possible, and allocated to the most valuable purposes possible 
at each stage. Translating this principle into policy and practice 
has proven difficult, however, not least because it is hard to 
define what constitutes a “valuable purpose”. 

In the European Union in particular, there have been intense 
debates about whether and how the cascading principle should 
be incorporated into policy. The discussion has focused 
mainly on woody biomass and is tightly connected with 
ongoing debates over the role of wood-based bioenergy in 
future EU energy policy. 

This discussion brief presents the conceptual origins of cascad-
ing; provides an overview of how cascading fits into ongoing 
EU policy debates; and reviews different policy options that 
have been discussed for implementation of cascading. It ends 
by highlighting key questions that need to be addressed to ad-
vance the current EU policy discussion on cascading. The brief 
expands on an analysis for IEA Bioenergy published last year.1  

The origin of cascading
The concept of cascade use or cascading of resources is best 
understood as an outgrowth of some of the ideas about closing 
resource loops that form the basis of European policies on 
waste management.2 As shown in Figure 1, cascading can be 
illustrated as a stepwise downward flow, similar to water that 
flows across a series of rocks – hence the term “cascading”.

Sirkin and Ten Houten first presented the cascading framework 
in 1994.3 They stipulated that in order to maximize resource 
efficiency and reduce environmental stress, resources should 
be used and recycled for as long as possible, for the most 
valuable purposes possible. 

 

How “valuable” a particular use of a resource is depends on 
the “resource quality”, a concept that Sirkin and Ten Houten 
did not fully explain. They did draw inspiration from the 
thermodynamic concept exergy, which can be said to mean 
“energy quality”. 

A simplified example: Electricity can be used both for space 
heating and to power industrial machinery, whereas 85°C 
water can be used for space heating but not to power industrial 
machinery. Thus, it makes sense to use 85° water for space 
heating and electricity to power industrial machinery. Sirkin 
and Ten Houten’s “resource quality” concept expands this 
thinking from energy to all resources, but does not provide any 
clear guidance on how this could be implemented.

Cascading in current EU policy discussions
Development of ideas related to cascading continued through 
the 1990s and early 2000s (e.g. within the field of industrial 
ecology5) but “cascade use” and “cascading” as phrases were 
largely absent from policy discussions, at least at the EU level, 
until the most recent five-year period.

Now cascading has become a commonly reoccurring concept, 
both in EU policy discussions on forests and energy, and in 
actual EU policy in these fields. This is likely a consequence 
of two parallel trends: a) a growing policy focus on the circular 
economy, and b) increasing political tensions about the expan-
sion of wood energy in the European Union. 

A circular economy is defined as “one that is restorative and 
regenerative by design, and which aims to keep products, 
components and materials at their highest utility and value at 
all times”.6 The concept has been widely promoted in recent 
years. A common theme in both cascading and the circular 
economy is that energy use of wood should be avoided, 
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Figure 1: Illustration of the cascading principle
Source: Adapted from Sirkin and Ten Houten (1994).4

Sawmill by-products such as wood chips can be used for bioenergy, but also to 
make paper or particleboard.  
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Markets	cannot	be	trusted	(?)	

Problem	1:	polluter	does	not	pay	

Solu;on:	taxa;on,	emissions	trading	
system…	

	

Problem	2:	markets	do	not	capture	
inherent	“usability”	value	of	resources	

Solu;on?	

	

	



Market	value	vs.	inherent	value	

	

Electricity	vs.	85°C	water	

	

Diamonds	vs.	water	

	

	



Cascading	history	101:		
Part	2	(1994-2007)		



1994-2007:	cascading	of	wood?	

In	the	policy	realm:	industrial	concerns	
about	compe;;on	over	raw	material	from	
energy	

	

Research	realm:	cascading	of	wood	is	
cascading	of	what?		

	



By	Crude_Oil_Dis;lla;on-fr.svg:	Image	originale:Psarianos,	Theresa	knoW	;	image	vectorielle:Rogilbertderiva;ve	work:	Utain	()	-	
Crude_Oil_Dis;lla;on-fr.svg,	CC	BY-SA	3.0,	hWps://commons.wikimedia.org/w/index.php?curid=7011440	



(Image:	Sveaskog)	



	
2008-2012:	from	“food	vs.	fuel”	to	
“industrial	use	vs.	energy	use”	



…and	cascading	redefined	

Cascading	as	an	order	of	priority	

	

	

	

Value	pyramids:	descrip;ve	or	
prescrip;ve?	
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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). 
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2013-2017:	implementaOon?	

“Industrial	use	should	hold	
priority	over	energy	use”	

	

What	is	industrial	use?	



ImplementaOon:	policy	ideas	in	the	
debate	

Approach	1:	specify	eligible	
raw	materials	in	legisla;on	

	

	

Approach	2:	test	case-by-
case	
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areas for agricultural feedstocks should also apply to forest biomass. In extending the concept 
to forest biomass it is appropriate to include land that was wetland in addition to peatland. 
This amendment is inextricably linked to amendment to Article 26(5). 
 

Amendment  59 

Proposal for a directive 
Article 26 – paragraph 5 
 

Text proposed by the Commission Amendment 

5. Biofuels, bioliquids and biomass 
fuels produced from forest biomass taken 
into account for the purposes referred to in 
points (a), (b) and (c) of paragraph 1 shall 
meet the following requirements to 
minimise the risk of using unsustainable 
forest biomass production: 

5. Biofuels, bioliquids and biomass 
fuels produced from forest biomass shall 
be considered to be sustainable and taken 
into account for the purposes referred to in 
points (a), (b) and (c) of paragraph 1 when 
produced from wastes and residues from 
forestry and forest-based industries, such 
as bark, branches, leaves, needles, tree 
tops, saw dust, cutter shavings, black 
liquor, brown liquor, fibre sludge, lignin 
provided that measures have been taken 
by the operators to avoid any negative 
impact of forest harvesting on soil quality, 
soil carbon and biodiversity. Information 
on those measures shall be reported 
pursuant to Article 27(3). 

(a) the country in which forest 
biomass was harvested has national 
and/or sub-national laws applicable in the 
area of harvest as well as monitoring and 
enforcement systems in place ensuring 
that: 

 

i) harvesting is carried out in 
accordance to the conditions of the 
harvesting permit within legally gazetted 
boundaries; 

 

ii) forest regeneration of harvested 
areas takes place; 

 

iii) areas of high conservation value, 
including wetlands and peatlands, are 
protected; 

 

iv) the impacts of forest harvesting on 
soil quality and biodiversity are 
minimised; and 

 

(Eickhout,	2017)	(AEBIOM,	2016)	



Cascading	in	legislaOon:	problems	

Problem	1:	no	proper	defini;on	

	

Problem	2:	process-oriented,	not	problem-oriented	

	

Problem	3:	based	on	sta;c	view	of	markets	

	

Problem	4:	prac;cal	implementa;on	uncertain	

	



Policy	recommendaOons	

Leave	“cascading”	out	of	legisla;on	

	

Strengthen	research	&	systems	for	wood	recycling	and	mul;ple	use	of	
wood	

	

Policy	mix	for	renewable	electricity:	
•  Technology-neutral	system	to	internalize	CO2	costs	
•  Technology-specific	support	for	up-scaling	and	cost	reduc;ons	

of	immature	high-poten;al	solu;ons	



Discussion	points	

Implicit	assump;on	of	growing	bioenergy	demand	–	how	will	
costs	of	solar	&	wind	affect?	

	

Natural	science	vs	social	science	

	

Are	“cross-sectoral”	solu;ons	always	preferable?	
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