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16 Sustainability

“Sustainable” has become the byword for human long-term utilization of physical and energy 
resources in ways that do not degrade living things, habitats, ecosystems, and planetary resources 
such as the atmosphere, water, soil, and landscapes. Unsustainable agriculture, mostly related to 
crops, is the principal way that people harm the world. The cannabis plant has quite extraordinary 
significance in mankind’s current attempts to create a more sustainable world, and this chapter deals 
with the considerations that make it useful in many respects for increasing sustainability, although 
less so in other ways.

THE REPUTATION OF THE CANNABIS PLANT FOR SUSTAINABILITY

For several decades, industrial varieties of Cannabis sativa have been touted as phenomenally 
beneficial for the environment and biodiversity, admittedly particularly by individuals some-
times considered to be “Fringe Greenies” by those with limited sympathy for environmental 
issues. Nevertheless, hemp has become the world’s leading crop symbol of sustainable agriculture. 
Although the benefits of growing hemp have been greatly exaggerated in the popular press and by 
hemp entrepreneurs, C. sativa is nevertheless exceptionally suitable for organic agriculture and is 
remarkably less “ecotoxic” in comparison to most other crops. There are considerable ecological 
and sustainable advantages, as presented in this chapter, but there are also some disadvantages, 
particularly with respect to the illicit cultivation of marijuana.

HOW MAJOR CROPS HARM THE WORLD AND WHY 
CANNABIS SATIVA CAN BE BENEFICIAL

Humans have modified plants since the beginnings of agriculture about 13,000 years ago, so that 
they will be more useful and productive. Such modification has almost invariably weakened the 
resistance of the plants against stresses, necessitating protective measures. Crops are particularly 
affected by biotic stresses from “pests” in the broad sense, including animals (especially insects, 
slugs and snails, mites, nematodes, rodents, and birds), plant pathogens (viruses, bacteria, and 
fungi), and weeds. These diminish crop growth and deteriorate stored harvests, reducing produc-
tivity by as much as 40% (Flood 2010). Measures to compete against harmful organisms have 
resulted in the widespread use of pesticides, which have been very harmful to the natural world. 
In parallel, measures to compensate for such abiotic stresses as soil infertility and lack of moisture 
have resulted in the massive use of fertilizers and the profligate consumption of water. Invariably, 
mechanized or factory agriculture today uses huge amounts of fossil fuels. All of these strategies 
have drastically deteriorated the landscape and atmosphere of the world. Crops that minimize 
“agricultural inputs” (pesticides, irrigation, energy) can contribute substantially to reducing eco-
logical damage.

Agriculture today is dominated by about a dozen major crops grown as huge monocultures, i.e., 
as continuous plantations with just a single species. The huge expenditures of water, herbicides, 
pesticides, fungicides, bactericides, fertilizer, and fossil fuels result in chemical pollution of soil, 
water, and the atmosphere and displacement or destruction of native animals, plants, and soil organ-
isms. Fortunately, it is possible to find less ecologically damaging crops, and C. sativa is extremely 
promising in this regard, as discussed in this chapter.
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Simply adding a new crop, like C. sativa, to those being grown can be beneficial. The topic 
of “crop diversification” deals with the addition of crops to those currently cultivated in a region. 
There may be economic benefits (such as increased profitability, new markets, and cushioning 
the effects of crop and market failures of the crops that have been grown), but there are also 
possible ecological benefits. Growing many crops (although in some respects less efficient than 
dependence on a small number of major monocultures) can lessen the attractiveness of farms to 
pests and diseases and may even provide niches for some wildlife. However, some crops are more 
beneficial than others to the natural world, and, as noted later in the chapter, hemp is remarkably 
advantageous.

COMPARATIVE ENVIRONMENTAL FRIENDLINESS 
OF CANNABIS SATIVA AND OTHER CROPS

Figure 16.1 compares the environmental compatibility of Cannabis crops (fiber, oilseed, and mari-
juana) and 21 of the world’s major crops, based on more than two dozen criteria measuring the eco-
logical friendliness of crops (see Montford and Small 1999a,b for details). Oilseed and fiber forms 
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FIGURE 16.1 A comparison of the biodiversity friendliness of selected major crops and three C. sativa 
crops (fiber, oilseed, drug) based on 26 criteria (after Montford, S., Small, E., Global Biodivers., 8, 2–13, 1999; 
and Montford, S., Small, E., J. Int. Hemp Assoc., 6: 53–63, 1999).

 



407Sustainability

of C. sativa were found to be exceptionally compatible with the environment. Illicit drug forms 
were less friendly to nature, but as described later, this is because of the practices of irresponsible 
growers.

BIOCIDE REDUCTION

Agriculture makes heavy use of biocides (pesticides, fungicides, and herbicides), which can be 
extremely detrimental to biodiversity. Although conscientious attempts are generally made to local-
ize application, accidental drift of biocides can be harmful to nontargeted organisms (for exam-
ple, fish in nearby streams) and soil organisms (such as earthworms) near the area of application. 
Innocent resident animals and plants often cannot escape exposure, nor can visiting pollinators, 
birds, and other foragers. Toxic biocides threaten the survival of some species and sometimes even 
poison humans. Although various techniques (most importantly organic agriculture, integrated pest 
management [IPM], and genetic engineering) offer means of decreasing biocide use, most crops are 
dependent on heavy application of biocides, particularly pesticides and herbicides. Crops that are 
naturally resistant to pests and weeds are therefore very important in reducing damage to biodiver-
sity. Cannabis sativa is known to be significantly resistant to most harmful organisms and rarely 
requires protective treatment. Indeed, the most valid claims for the environmental friendliness of 
hemp relate to its very limited need for agricultural biocides.

Fields intended for hemp cultivation are still conventionally cleared of weeds using herbicides, 
but so long as hemp is thickly seeded (as is always done when it is grown for fiber), the rapidly 
developing young plants normally shade out competing weeds that appear subsequently. Young, 
growing plants that are more widely spaced (as is typically done for production of hempseed and 
marijuana) are less able to smother out weeds and may require mechanized weeding, which is 
wasteful of fuel.

Cannabis sativa is remarkably resistant to insects (Figure 16.2). However, the degree of immu-
nity to attacking organisms has been greatly exaggerated, with several insects and fungi special-
izing on hemp. In very damp (e.g., maritime) environments, fungi can cause severe damage (Van 
der Werf et al. 1996), and should the plant become much more widely cultivated than at present, it is 
likely that significant pest problems will develop. Nevertheless, the use of pesticides and fungicides 
on hemp is usually unnecessary, although introduction of C. sativa to regions where it has not been 
grown for many years should be expected to attract pests.

FIGURE 16.2 Grasshopper on hemp. Grasshoppers and their orthopteran relatives (crickets and locusts) 
rarely damage the foliage of C. sativa. Indeed, few insects significantly harm the species, so the use of insec-
ticides is very rarely required.
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USING UP SURPLUS MANURE

As discussed in Chapter 3, C. sativa is naturally adapted to soils where animal excrement has 
accumulated—i.e., sites with considerable nitrogen. Although the weedy form of the species is 
known to be capable of surviving on poor soils with limited nitrogen, to maximize production, 
input of fertilizer high in the element is needed. Hemp is extraordinarily well adapted to the use of 
manure as a nitrogen source. Unfortunately, most hemp is grown using conventional synthetic fertil-
izers, which are environmentally damaging. Livestock production inevitably produces large stores 
of manure, and C. sativa has the potential of using up these surpluses. Properly managed, manure 
can be far friendlier to the environment than synthetic fertilizers, which (1) require the expenditure 
of fossil fuels to manufacture, (2) reduce soil organism biodiversity, (3) tend to be overused, result-
ing in eutrophication (overfertilization) of waterways, and (4) produce significant amounts of atmo-
spheric pollutants and greenhouse gases. (Runoff from manure can be as damaging to biodiversity 
as runoff from inorganic fertilizers, so that the use of manure is not problem-free.)

MISCELLANEOUS ENVIRONMENTAL ADVANTAGES

There is widespread concern over the depleting supply of fossil fuels (coal, petroleum, peat), as well 
as the environmental degradation associated with transporting them (such as caused by oil tanker 
spills), and the atmospheric pollution generated from burning them. As discussed in Chapter 10, 
C. sativa is a candidate for biomass production. Plants that generate biomass can be used as ethanol 
fuel sources, and in some cases, this may alleviate problems associated with the use of fossil fuels. 
However, at this time, the prospects for C. sativa in this regard seem limited, mostly because the 
technology for transforming cellulosic plant tissues to fuel alcohol is expensive. As discussed in 
Chapter 8, the species is also a candidate for biodiesel production. Casas et al. (2005) analyzed the 
life cycle value and carbon economy of hemp biodiesel but did not find clear environmental benefits. 
Similarly, Van der Werf (2004) concluded that hemp was comparable to wheat and sugar beet with 
respect to relative contributions of polluting substances emitted to the atmosphere and resources 
employed. Although the price of hemp oil is too expensive at present for it to be used as biodiesel, 
this is a possibility in the future (Figure 16.3).

Drug and oilseed types of C. sativa (to a much lesser extent, fiber cultivars) are very high value 
crops in terms of productivity per unit area. Such crops tend to increase local wealth and indirectly 

FIGURE 16.3 Biodiesel produced from hempseed oil as a possible aid to reducing environmental problems 
associated with burning fossil fuels. Prepared by B. Brookes.
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decrease pressure on the environment and habitats since a smaller acreage needs to be farmed to 
produce a reasonable income.

Like most crops, at least while they are growing, Cannabis can reduce the supply of weed seeds 
in the soil (since an established crop outcompetes weeds), control soil erosion, and aerate the soil.

The deep roots of Cannabis are efficient at water uptake from lower soil levels, which may be 
ecologically desirable in some circumstances. For example, crops with shallow roots can exacerbate 
salinization of soils by bringing salt from shallow layers to the surface, but deeper-rooted plants 
can sometimes avoid this difficulty. Also, where water is only available at depth, its utilization from 
deeper parts of the soil can prevent excessive drying of the surface of the soil.

ENVIRONMENTAL DISADVANTAGES

As with almost all crops, there are significant environmental impacts associated with growing 
C. sativa (Van der Werf and Turunen 2008).

Where natural rainfall is limited, C. sativa must have moderate irrigation to be productive, espe-
cially during early growth. Irrigation can greatly alter ecosystems and is especially detrimental to 
indigenous plant species that are adapted to dry areas. Accordingly, irrigation is a key consideration 
of the extent to which a crop can be considered environmentally friendly. Agriculture is respon-
sible for 70% of the world’s fresh water consumption (Heywood 1996), and chronic shortages are 
developing in many countries, so the need for irrigation is a significant limitation. Indirect harmful 
effects of irrigation include possible soil salinization and pollution from run-off.

Current market forces tend to pressure farmers to narrow the diversity of crops and livestock 
produced. Modern agriculture and plantation forestry are highly productive but constitute artificial, 
low-diversity ecosystems. Today, much of the world is occupied by vast monocultures, particularly 
cereals (notably wheat, barley, oats, rice, corn, millets, and sorghum), which are so very highly 
domesticated that they require heavy inputs of energy and agrochemicals and are therefore rather 
environmentally unfriendly. Also, such systems are very susceptible to climate variations and out-
breaks of pests and pathogens. Large monocultures, by their nature, exterminate local habitats and 
their constituent wild species. Industrial hemp (for fiber and oilseed) is most efficiently grown as a 
large-scale monocrop, and so it tends to add to the environmental burden in the same way as other 
large field crops.

Agriculture is a heavy user of fossil fuels for tilling, planting, harvesting, and processing. Such 
consumption generates atmospheric gases contributing to climate change. Cannabis sativa does 
not have advantages in most of these respects by comparison with other crops. Textile crops (as 
exemplified by fiber hemp) and oilseed crops (such as oilseed hemp) are associated with exten-
sive extraction and processing machinery, which in turn necessitate mined resources, including 
fuels. Hemp oil can be prone to rancidity, requiring refrigeration to prolong quality, which requires 
energy. However, much of the energy expenditure of agriculture is concerned with the manufacture 
and application of herbicides, pesticides, fungicides, and chemical fertilizers. As noted previously, 
Cannabis crops require lower use of these agrochemicals than most other crops, and this factor 
tends to lower overall energy consumption costs. As noted later, several products made with hemp 
(such as insulation and hemp-lime concrete) contribute to conservation of energy, and some hemp 
products simply require less energy to make, or to transport (because they are light).

Minimum tillage, the practice of planting seeds or seedlings in fields that have received little or 
no plowing (indeed, sometimes directly into stubble or sod), is a promising agricultural technique 
that minimizes soil disturbance and reduces expenditure of fossil fuels. For the relatively few crops 
that can be raised with minimum tillage, it is an admirable practice for making agriculture more 
sustainable and less damaging to the environment. Unfortunately C. sativa requires a well-prepared 
seedbed, and minimum tillage is inappropriate.

Cannabis sativa is rich in bioactive chemicals (of course, this is why marijuana is of interest), 
and decaying plants can produce toxic residues in the soil. Traditional water retting of hemp to 
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extract the fiber (described in Chapter 7; Figure 16.4) is notorious for polluting waterways, killing 
fish, and producing intolerable odors. Environmental regulations in Western nations prevent such 
obsolete technology, which unfortunately continues to be practiced in Eastern Europe and Asia.

Saving TreeS

Wood fiber (from trees) and synthetic fiber (from petroleum) dominate the fiber market (Chapter 7), 
but ecological and economic concerns about depleting forests and petroleum have increased interest 
in using natural fibers as primary or at least supplemental raw material. In recent decades, the pulp 
and paper industry has been criticized for negatively affecting the environment by deforestation, 
replacing old-growth forests with tree plantations, pollution of air and land (including the produc-
tion of toxic and mutagenic wastes by chlorine bleaching), and high energy use. To an extent, these 
problems have been alleviated by paper recycling, sustainable management of natural and planted 
forests, and adopting less harmful processing technologies. Interestingly, Silva Viera et al. (2010) 
found that for pulp and paper usage, wood (from eucalyptus trees) had less overall negative environ-
mental impacts than hemp (hardly surprising, since trees can grow with virtually no agricultural 
inputs and minimum care). Wood remains the cheapest source of fiber and wood is likely to remain 
dominant, but as discussed in the following, the use of C. sativa as a source of fiber may reduce the 
damage associated with forestry.

The most widespread claim for environmental friendliness of C. sativa is that it has the potential 
to save trees that otherwise would be harvested for production of lumber and pulp. Several factors 
appear to favor increased use of wood substitutes, especially agricultural fibers such as provided by 
hemp (Figure 16.5). Deforestation, particularly the destruction of old growth forests, and the world’s 
decreasing supply of wild timber resources are today major ecological concerns. Agroforestry using 
tree species is one useful response but nevertheless sacrifices wild lands and biodiversity and is 
less preferable than sustainable wildland forestry. The use of agricultural residues (e.g., straw bale 
construction) is an especially environmentally friendly solution to sparing trees, but material limita-
tions restrict use. Nevertheless, agricultural residues often provide a cheap material that otherwise 
might simply be burned, contributing to air pollution. Another chief advantage of several annual 

FIGURE 16.4 Painting titled “Hanfeinlegen” by Theodor von Hörmann (1840–1895) showing traditional 
water retting in Europe (public domain—http://www.imkinsky.com/).
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fiber crops over forestry crops is relative productivity, annual fiber crops sometimes producing of 
the order of four times as much material per unit of land. Still another important advantage is the 
precise control over production quantities and schedule that is possible with annual crops. In many 
parts of the world, tree crops are simply not a viable alternative. “Three billion people…live in areas 
where wood is cut faster than it grows or where fuelwood is extremely scarce” (World Commission 
on Environment and Development 1987). “Since mid-century, lumber use has tripled, paper use 
has increased six-fold, and firewood use has soared as Third World populations have multiplied” 
(Brown et al. 1998). Insofar as hemp reduces the need to harvest trees for building materials or 
other products, its use as a wood substitute tends to contribute to preserving forests. Hemp may also 
enhance forestry management by responding to short-term fiber demand while trees need to grow 
for many years to reach their ideal maturation. In areas depleted of natural stands of wood, annual 
crops such as Cannabis can be efficient sources of agricultural fibers to replace forestry products 
and therefore preserve trees (Montford and Small 1999a,b; Small 2012). In developing countries 
where fuelwood is becoming increasingly scarce and food security is a concern, the introduction of 
a dual-purpose crop such as hemp to meet food, shelter, and fuel needs may contribute significantly 
to preserving biodiversity.

BIOREMEDIATION

Some crops are notable for their tolerance of and ability to absorb substantial amounts of heavy 
 metals and so serve for “phytoremediation.” Preliminary work in Germany (noted in Karus and 
Leson 1994) suggested that hemp could be grown on soils contaminated with heavy metals, while 
the fiber remained virtually free of the metals, but as noted in the following, there is now consider-
able evidence that C. sativa can absorb heavy metals and thereby decontaminate soil and water. 
Baraniecki and Mankowski (1995) observed that hemp can reduce the soil content of copper, zinc, 
and cadmium; Loeser et al. (2002) recorded accumulation of zinc, cadmium, and nickel; Piotrowska-
Cyplik and Czarnecki (2003) observed accumulation of zinc, copper, and nickel; and Angelova et al. 
(2004) noted the same for lead, copper, zinc, and cadmium. Koznlowski et al. (1995) observed that 
hemp grew very well on copper-contaminated soil in Poland (although seeds absorbed high levels of 
copper). Baraniecki (1997) found similar results. Mölleken et al. (1997) studied effects of high con-
centration of salts of copper, chromium, and zinc on hemp and demonstrated that some hemp culti-
vars have potential application for growth in contaminated soils. Shi and Cai (2009) recorded hemp 
absorbing substantial cadmium. Pejic et al. (2009) found that waste hemp fiber could be employed to 
remove lead, cadmium, and zinc ions from contaminated water. Petrová et al. (2012) demonstrated 
that chelating agents could be used to improve extraction of metals by hemp. Mihoc et al. (2012) 
found that hempseed seems susceptible to excessive accumulation of metals. Accordingly, it would 
seem unwise to grow hemp as an oilseed on contaminated soils. However, polluted habitats might 
be suitable for a fiber or biomass crop. In fact, Eerens (2003) found that hemp could be grown 

FIGURE 16.5 Hemp fiberboard. Photo by Elke Wetzig (Elya) (CC BY SA 3.0).
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economically for fiber in an effluent disposal site. However, Linger et al. (2002) warned that edible 
and clothing uses of hemp grown on heavy metal contaminated soil are inadvisable. Nevertheless, 
for many nonedible applications, particularly construction materials, products made with hemp 
that has accumulated heavy metals are probably safe. Campbell et al. (2002) found that hemp was 
useful for treating soil contaminated with two polycyclic aromatic hydrocarbons, chrysene and 
benzo(a)pyrene. The possibility of using hemp for bioremediation deserves additional study (Griga 
and Bjelková 2013).

Wildlife SupporT

Cannabis sativa is plagued by bird predation, which takes a heavy toll on seed production. The seeds 
are well known to provide extremely nutritious food for both wild birds (see Chapter 8 for examples 
of wild bird species on wild hemp) and domestic fowl. Hunters and birdwatchers who discover wild 
patches of Cannabis often keep this information secret, knowing that the area will be a magnet for 
birds in the fall when seed maturation occurs. Upland game birds in the Midwest of the United States 
have been observed to utilize wild hemp as cover for nesting and foraging (Vance 1971).

Increasingly in North America, plants of various species are being employed to revegetate and 
maintain landscapes, especially to provide habitat and food for wildlife, most notably for wild birds. 
The seeds of C. sativa are nutritious and extremely attractive to birds, and were it not for its repu-
tation, wild hemp could be planted for the benefit of wildlife. Cannabis sativa has not yet been 
seriously considered for this purpose. However, the species is not an aggressive weed and certainly 
has great potential for being used as a wildlife plant. Of course, such usage is forbidden in North 
America, current policies requiring the eradication of wild hemp wherever encountered.

ENVIRONMENTALLY FRIENDLY COMMERCIAL PRODUCTS

Today, there is a search for novel materials that address societal concerns and regulations regarding 
the environmental costs associated with products. A “green image” has economic value, and con-
versely, a negative environmental reputation is a liability (of course, it is often difficult to determine 
which information presented in advertising is factual and which is merely promotional). As stated 
by Fletcher et al. (1995), industrial hemp has a large devotional following because of its green image 
and its products seem to be almost self-promoting. Market segmentation for ethically produced 
goods and growing support for biodegradable and natural products have led to a wide range of new 
industrial hemp products being developed.

Hemp vS. CoTTon

In the last several decades, synthetic fibers (particularly polyester) have come to dominate the tex-
tile fiber market (as illustrated in Figure 7.1). Synthetic fibers are largely made from petroleum 
and so contribute to the depletion of fossil energy resources. Accordingly, many environmentally 
conscious consumers favor textiles made from natural fibers. The natural fiber market is dominated 
by cotton, considered by many to be the bête noire of all environmentally damaging crops because 
of its huge consumption of pesticides, fertilizers, and water (Soth et al. 1999; Small 2013b; Figure 
16.6). In the European Union (EU), where legislation has strongly favored both natural fibers and 
sustainable crops, hemp has been significantly subsidized. Another consideration is the “locavore” 
ideal of producing crops close to home. By this credo, hemp is preferable in temperate regions to the 
use of tropical and semitropical fibers like cotton, which need to be imported. It must be conceded, 
however, that synthetic fibers and cotton are dominant because of cost and quality considerations, 
and despite its environmental and ethical advantages, hemp is unlikely to develop more than a niche 
fabric market.
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reCyClabiliTy

As noted in the following, in contrast to many products manufactured from traditional plastics 
and metal, hemp biocomposites can be much more recyclable. Plastics made with hemp fiber 
(described in Chapter 7) are one of the products touted as having great potential to increase sustain-
ability while reducing environmental damages. Singha et al. (2011) summed up the advantages of 
fiber-hemp-based composites as follows: “Sustainability, ‘cradle to grave’ design, industrial ecol-
ogy, eco-efficiency, and biocompatibility are the guiding principles of development of new genera-
tions of materials. Lignocellulosic reinforced composites are the materials of the new paradigm. 
The use of biodegradable and environment friendly plant-based fibers in the composites reduces 
waste disposal problems, environment pollution, and ecological concerns. Light weight, decreased 
wearing of machines, low abrasiveness, as well as an absence of health hazards during processing, 
application, and upon disposal are added advantages of these composites. Also these fibers can be 
incinerated, are CO2 neutral (when they are burned), and because of their hollow and cellular struc-
ture, perform well as acoustical and thermal insulators.”

Carbon SequeSTering

The ecology of carbon cycling is of great concern today because combustion and other activi-
ties contribute to carbon-based greenhouse gases and climate change. The ecological value of 

FIGURE 16.6 Former floor of the Aral Sea in Uzbekistan, central Asia, showing abandoned ships in a toxi-
cally polluted wasteland, caused by draining rivers feeding the sea in order to irrigate cotton and overusing 
pesticides and fertilizers. The Aral Sea was once the world’s fourth largest inland body of water but is in a 
desert area and exists only because it is fed by rivers. This is one of the world’s most tragic examples of the 
destructive effects of unsustainable agricultural practices and one of the greatest environmental catastrophes 
ever recorded. Photo taken in 2011 by S. Kluger (CC BY 3.0).
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manufactured products is determined in part by the extent to which they sequester carbon (i.e., 
capture and store carbon compounds, thereby preventing release of carbon-based greenhouse gases 
to the atmosphere). Since plastics have long life cycles, bioplastics sequester carbon for long periods, 
which is environmentally beneficial. “Cradle-to-grave” analyses of energy expenditure and carbon 
sequestration suggest that hemp (indeed many natural fibers) is valuable in these respects (Haufe 
and Carus 2011a,b; Piotrowski and Carus 2011; Ip and Miller 2012). However, as noted later, the 
indoor production of marijuana is associated with astronomical production of carbon dioxide that 
contributes to atmospheric pollution.

THermal inSulaTion produCTS

Insulation to regulate temperature is an extremely important way of reducing energy consump-
tion and thereby limit damage to the terrestrial and atmospheric environments and biodiversity. 
As noted in Chapter 7, hemp-straw-reinforced materials have excellent insulating properties and 
can replace conventional brick, cement and wood, vapor barriers, insulation, and plaster board 
in buildings. Hemp is also useful for producing insulation (e.g., Figure 16.7). Thermal insulation 
products are the second most important sector of the hemp industry of the EU (Carus et al. 2013). 
These are in demand because of the alarmingly high costs of heating fuels, ecological concerns 
about conservation of nonrenewable resources, and political-strategic priorities about the depen-
dence on current sources of oil. Thermal insulation is a market segment that is growing, and hemp 
insulation products are increasing in popularity. Although hemp fiber is suitable for insulation 
(Kymäläinen and Sjöberg 2005), in the EU, glass and mineral wool (rock wool) insulation cost 
one-quarter to one-half as much as hemp insulation. The attraction of hemp insulation products 
is that they are nonirritating to installers, have notable moisture flow and heat-retaining char-
acteristics, and are appealing to customers who view hemp as an ecologically superior choice, 
regardless of cost.

eroSion ConTrol blankeTS

Sometimes referred to as “environmental blankets,” these ground-covering, biodegradable mats 
are designed to prevent soil erosion along steep highway banks and prevent soil slippage. They 
stabilize new plantings and natural vegetation, which grow through the mats, developing root 
systems that retain the soil. Hemp erosion control mats have been manufactured in Europe and 
Canada.

FIGURE 16.7 Hemp fiber batt insulation. Photo by Christian Gahle, nova-Institut GmbH (CC BY 3.0).
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STATE SUBSIDIZATION OF INDUSTRIAL HEMP—GOOD OR BAD?

The major crops of most rich countries are usually subsidized by direct grants or indirectly through 
supports for research, needed materials, or transportation. Additional support is often available in 
the form of protectionist policies. While such state sponsorship protects domestic producers against 
international competition and encourages local business and employment, it promotes inefficiency. 
By its nature, agriculture is the world’s leading source of environmental damage, and therefore, 
agricultural subsidies can be especially environmentally damaging. Especially galling is subsidiza-
tion of corn (maize) ethanol production in the name of environmental sustainability, despite doing 
more harm than good (see, for example, Conca 2014). (Cannabis has limited prospects for use as an 
ethanol source; Barta et al. 2010.)

As a comparatively minor crop, C. sativa has not received a great amount of subsidization, and 
indeed, expensive security requirements have put it at an economic disadvantage. Nevertheless, the 
EU has been a leading promoter of agricultural subsidies for crops that are thought to benefit the 
environment, particularly those that can produce biofuel and bio-energy, and for decades, C. sativa 
has been a major beneficiary of this policy. Without substantial subsidization in Europe, the start-up 
capital that was necessary to establish the hemp industry in the 1990s would not have been avail-
able. In recent years, however, subsidization has decreased substantially, particularly because the 
European industrial hemp industry has been based mostly on fiber, which has not proven to have 
notable growth potential and is significantly limited competitively without financial support. As of 
2012, the EU eliminated most of the subsidies for hemp.

In Canada, limited subsidies (both national and provincial) have been provided to the industrial 
hemp industry (legalized in 1998) to encourage the development of novel hemp enterprises, improve 
processing technologies, and develop new hemp cultivars for the Canadian environments (Salentijn 
et al. 2015). In contrast to Europe, the Canadian hemp industry has been mostly centered on oilseed, 
a natural “fit” since Canadian agriculture is based on cereals and oilseeds (i.e., “grains”), and no 
crop (including hemp) is grown significantly for fiber. Indeed, as made clear in several chapters of 
this book, the future of industrial hemp lies much more in oilseed usage rather than in fiber applica-
tions. Nevertheless, the Canadian government subsidized the establishment of a large decortication 
plant (Parkland Industrial Hemp Processing) for hemp stems, which was established in Gilbert 
Plains, Manitoba, in 2013.

As reviewed in this chapter, industrial hemp has many genuinely admirable features contributing 
to sustainability, as well as a few attributes that are somewhat troubling. Compared to most crops 
currently being subsidized, C. sativa is relatively deserving of support.

ENVIRONMENTAL COST OF INDOOR PRODUCTION OF MARIJUANA

Because of security concerns, marijuana is often grown indoors. There are a few environmental 
advantages of growing crops indoors. Such cultivation is invariably extremely efficient, with a much 
higher yield per unit area occupied compared to field crops, so this reduces pressure to find agri-
cultural lands in a world that has almost run out of unused arable land. As with all crop cultivation, 
water (which is scarce) and fertilizers (which tend to pollute) are consumed, and waste materials are 
generated, but these are relatively easy to control in the confined space of a greenhouse. Pests and 
diseases always accompany crops, but at least in a greenhouse, they are easy to locate and control, 
especially using nonchemical techniques.

Indoor cultivation does have several significant environmental costs. Wearing a T-shirt embla-
zoned with a slogan like “Save the world: smoke dope” ignores the reality that marijuana is not 
entirely benign to the planet. Glass houses or at least transparent roofs take advantage of natural 
sunlight, but frequently, marijuana “grow rooms” are completely artificially illuminated. Extremely 
high energy expenditure is required to produce marijuana indoors, primarily because of the need for 
lighting, but also to provide ventilation (to assist temperature control for living plants and for drying 
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harvested marijuana), heating/cooling for climate control, and cool storage (to prevent deterioration 
of the product). Mills (2012) reported that 1% of the entire energy consumption of the United States is 
dedicated to the production of indoor marijuana, equivalent to $6 billion annually. Building materials 
to house marijuana production facilities are expensive to purchase but are also costly in that energy 
was required for their construction. All factors considered, a very large expenditure of energy and 
consequent “environmental imprint” is associated with the indoor cultivation of marijuana.

Indoor production of marijuana is also associated with the production of carbon dioxide, which 
acts as a greenhouse gas contributing to climate change. Much of the electrical energy utilized 
results in CO2 production, and often, fuels are burned directly in support of greenhouse operations, 
releasing CO2. Mills (2012) calculated that 1 kg of marijuana produced indoors is associated with 
the release of 4600 kg of CO2 emission to the atmosphere, equivalent to operating 3 million cars for 
a year. Occasionally, CO2 is injected into grow rooms to increase photosynthesis and yields, and this 
also contributes to atmospheric pollution. However, since productivity is increased, the overall car-
bon footprint of introducing CO2 may actually decrease negative environmental impacts (BOTEC 
Analysis Corporation 2013).

BOTEC Analysis Corporation (2013) is a report of the environmental costs of producing mari-
juana for a legal market in Washington State. Several observations in the report are worth noting. 
It was pointed out that indoor lighting carried out during the night period is relatively efficient 
and would have a smaller deleterious effect on climate than lighting during daylight hours, when 
there is high demand for electricity. It was noted that although the environmental costs of cannabis 
production are substantial, they are significantly less than associated with other activities such as 
large-scale agriculture, mining, metallurgy, and other industries. As in all indoor plant production 
requiring lighting with high-intensity discharge bulbs, there is an environmental cost associated 
with the nonrecyclable bulbs containing mercury and other toxins.

ECOLOGICAL DAMAGE FROM IRRESPONSIBLE 
ILLEGAL CULTIVATION OF MARIJUANA

“Grow-ops” (grow operations, known as “cannabis factories” in the United Kingdom) are often 
located in suburban houses modified with stolen electricity to power lighting, ventilation, and irri-
gation systems (note Figure 16.8). Irresponsible and incompetent installations have resulted in heat, 

FIGURE 16.8 Police in England raiding a grow-op. Photo by West Midlands Police (CC BY SA 2.0).

 

http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315367583-17&iName=master.img-006.jpg&w=287&h=191
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moisture, and electrical shorts ruining or burning down houses. Preparation of hashish by butane 
extraction has produced explosions and fires.

Illicit outdoor operations are frequently carried out in plots hidden in forested areas (Figures 16.9 
and 16.10). Using public lands is motivated in part by the threat of forfeiting assets that are present when 
using personal residences for production. Those who establish plots and visit them only to maintain and 
harvest the plants have been called “guerrilla growers.” The illegal cultivation of cannabis in preserved 
wildlands is extremely deleterious to biodiversity and its supporting habitats (U.S. Senate Committee 
on Agriculture, Nutrition, and Forestry 1988; Montford and Small 1999a, 1999b; Mallery 2011). 
Regrettably, illicit marijuana producers usually have little respect for delicate ecosystems. Garbage 
is dumped in national parks (Figure 16.11), and groundwater and creeks are contaminated with pes-
ticides, herbicides, and spilled fuel carried to the sites to run diesel generators. Diesel production of 
electricity produces considerably more greenhouse gases than the relatively low-carbon electricity used 

FIGURE 16.9 Illegal marijuana grow site in the White River National Forest near Redstone, Colorado 
(plants being removed for destruction in the top photo). Discovered in 2013, the plantation contained 3375 
plants, with an estimated value of $8.4 million (based on a value of $5500 per kilogram and an estimated yield 
of 0.45 kg of processed material per plant). Photos (public domain) by the U.S. Forest Service.
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conventionally (“diesel dope” is a pejorative phrase descriptive of marijuana produced using diesel 
energy). In California, rodenticides are often used to prevent small mammals from destroying illegal 
marijuana plants. Rats consume the poison, and then northern spotted owls, fishers, foxes, and bobcats 
eat the rats and become sick. Thompson et al. (2014) documented the considerable deleterious effects of 
rodenticides on fishers in California as a result of illicit marijuana plantations.

An additional negative result of the widespread clandestine cultivation of marijuana is that it stimu-
lates law enforcement personnel to use chemical eradication at extremely toxic levels so as to ensure that 
there are no surviving plants (although herbicides are often of limited effectiveness for plants taller than 
about 60 cm). Paraquat has been widely applied to illicit Cannabis plantations in Mexico (Figure 12.13b).

A recent study of illicit marijuana cultivation in California (Bauer et al. 2015) observed that 
outdoor plants at a density of about one per square meter were consuming 22.7 L of water per plant 
per day. So extensive was water withdrawal from rivers in northern California that marijuana culti-
vation was using up 50% more water than all residents combined in San Francisco. This threatened 
fish and other aquatic species, particularly federally listed salmon and steelhead trout, as well as 
sensitive amphibian species, in the drought-prone state.

Because of constant searching for illicit plantings of marijuana, plantations tend to be small, 
growers often establishing several gardens in separate areas. Large monocultures of agricultural 
crops as grown in most of the temperate world are very productive but are environmentally harm-
ful because they exclude almost all plants and animals from a region. Small “cottage gardens,” as 
widely grown in tropical areas, are much friendlier to the environment because they permit survival 
in the natural areas between the crops. Curiously, the small, well-separated marijuana gardens that 
are frequent in some locations are not entirely without redeeming value, because they avoid the 
negative effects of large monocultures.

THE DANGEROUS CONCEPT OF EMPLOYING BIOWEAPONS 
TO ELIMINATE MARIJUANA PLANTS

In the last several decades, the idea of using natural pests, parasites, and diseases to eliminate ille-
gally cultivated plants has surfaced. Biocontrol agents for destroying or controlling a given plant 

FIGURE 16.11 Garbage and debris left at a marijuana grow site in the Shasta-Trinity National Forest in 
California. Photo (public domain) by U.S. Forest Service.
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species can be identified by systematically searching for the natural parasites of the species as 
well as its closest relatives (McPartland and Nicholson 2003). The U.S. Department of Agriculture 
(2004) conducted unsuccessful studies from 1999 to 2004 to find insects that could be employed to 
destroy marijuana. The use of fungi as “mycoherbicides” to control marijuana plants has also been 
proposed (Hildebrand and McCain 1978; McCain and Noviello 1985; Tiourebaev et al. 2001). In 
fact, there have been attempts to genetically engineer fungi to destroy drug plants, including mari-
juana, as well as ruderal hemp (Baloch et al. 1974; McCain and Noviello 1985; McPartland 1997a; 
Committee on Mycoherbicides for Eradicating Illicit Drug Crops 2011). Fusarium oxysporum is a 
fungal pathogen that produces fusarium wilt disease in over a hundred plant species. It includes sev-
eral physiological forms known as formae speciales (singular: forma specialis, abbreviated f. sp.), 
one of which is a specialist on Cannabis: F. oxysporum f. sp. cannabis. When employed to kill 
weeds, it is sometimes called “Agent Green.” McPartland and West (1999) reviewed problems asso-
ciated with use of this, noting that such new pathogens would inevitably endanger hemp cultivation, 
to say nothing of wild hemp, which constitutes a reservoir of genes for the improvement of hemp. 
These authors also raised the prospect that once pathogens are released into the environment, muta-
tion and recombination with native fungi could produce new strains of virulent transgenic patho-
gens that could endanger crop plants. The possibility of employing microorganisms as weapons is 
particularly controversial. Natural pests have sometimes proven to be useful biocontrol agents for 
various pest organisms, and with appropriate research prior to release, the risk of unforeseen con-
sequences can be minimized. Unfortunately, microbes, including fungi, are exceptionally difficult 
to control. They can evolve much faster than higher organisms like insects (which are the main 
biocontrol agents), and once released, they cannot be recaptured. Eliminating an entire species (and 
perhaps its relatives) from a region can require very widespread distribution of the control agent and 
represents an experiment with natural ecosystems that is dangerous.

SUSTAINABILITY DEPENDS ON USING SUSTAINABLE METHODS

In conclusion, it should be stressed that irrespective of the inherent advantages and disadvantages 
of C. sativa from the perspectives of sustainability and environmental friendliness, the impacts 
of cultivation of Cannabis depend on the agricultural, processing, and manufacturing practices 
employed. While it is possible to produce and process plants employing sustainable practices, not 
all growers do so. Processing and manufacturing of both industrial hemp and marijuana also have 
environmental costs, which can be controlled to at least some extent. So while C. sativa can be 
employed to reduce environmental damage, this can only be achieved by conscientious human 
effort.

CURIOSITIES OF SCIENCE, TECHNOLOGY, AND HUMAN BEHAVIOR

• The energy needed to produce indoor marijuana for a single joint could power a 100-W 
light bulb for 25 hours and would generate 1.5 kg of polluting CO2 emissions (Mills 2012).

• The energy required to produce one marijuana joint is about equal to the requirement to 
manufacture 18 pints of beer (Mills 2012).

• Hawken (2007) noted “…we cannot save our planet unless human kind undergoes a wide-
spread spiritual and religious awakening.” Fortunately, religions are playing roles in advo-
cating for ecological sustainability. Polytheistic and naturalistic spiritual traditions have 
long exhibited profound respect for nature and are natural supporters of environmental-
ism. Buddhism’s tenets of reincarnation and karma require respect for plants, animals, 
and their habitats. Hinduism too has profound respect for life and the need to cherish the 
earth. Indigenous people everywhere are deeply tied to the welfare of their native lands. 
By contrast, monotheistic religions have been less obvious supporters of issues concerned 
with ecological conservation of land and living things, but in recent times, this is changing. 
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The Vatican has recently set an excellent example, installing solar panels on its 10,000-seat 
main auditorium building, arranging to reforest land in Hungary to offset Vatican City’s 
carbon emissions and urging protection of the environment in a number of major addresses 
by Pope Benedict.

• As pointed out in Chapter 7, hemp fiber has been employed to produce strong, lightweight 
plastic used in car bodies, contributing to sustainability by virtue of reducing the use of 
fossil fuels that contribute to atmospheric pollution. In addition to hemp, fiber from other 
crops is being investigated as a possible component of plastic car bodies. One of the most 
interesting projects is being conducted by ketchup maker H.J. Heinz in conjunction with 
the Ford motor company, other manufacturers, and the World Wildlife Fund—members 
of the Bioplastic Feedstock Alliance, whose goal is to use waste agricultural materials to 
produce useful plant products. Heinz harvests over two million tons of tomatoes annually, 
and while some of the residue is fed to livestock, most of the refuse is wasted. To date, 
the use of tomato waste, left after the pulp has been extracted to produce ketchup, hasn’t 
resulted in a plastic strong enough for car bodies.

 


