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1 .  INTRODUCTION 

A t  t h e  I n t e r n a t i o n a l  Energy Agency Execu t ive  

Committee meet ing  i n  Amsterdam, h e l d  i n  J u n e  1 9 8 2 ,  

t h e  d e c i s i o n  was made t o  s t a r t  a Research ,  ~ e v e l o ' p -  

ment and Demonstrat ion Proqramme f o r  Community 

Systems.  

One o f  t h e  r e a s o n s  s t a t e d  f o r  t h e  c r e a t i o n  o f  such a 

programme was t h a t  t o o  much i n t e r e s t  had been 

d i r e c t e d  towards  t h e  development  o f  annex-agreements  

f o r  t h e  hous ing  a r e a  even  though a g r e a t  p o t e n t i a l  

e x i s t s  f o r  t h e  development  of Community Systems.  

The t a s k  of c o - o r d i n a t i n g  t h e  e f f o r t  was e n t r u s t e d  t o  

t h e  vice-chairman of t h e  e x e c u t i v e  commit tee :  M r .  La r s  

E .  Sundbom, Windborne I n t e r n a t i o n a l  AB.  

T h i s  paper  i s  a f i r s t  a t t e m p t  a t  making a p r e s e n t a t i o n  

of t h e  Swedish p r o p o s a l  f o r  what w i l l  b e  t h e  main 

theme o f  t h e  work. It i s  a l s o  meant t o  a s s i s t  t h e  

p a r a l l e l  d i s c u s s i o n s  conducted  i n  o t h e r  c o u n t r i e s  on 

t h e  b e s t  method of c a r r y i n g  o u t  t h e i r  own work. 

The Swedish r e p o r t  has  been p repa red  by: 

L a r s  E .  Sundbom Programme Leade r ,  WIAB 

J an  Hu l t  The Swedish A s s o c i a t i o n  of 

P u b l i c  C leans ing  and S o l i d  

Waste Management 

Per-Arne Malmquist V I A K  AB 

Lenna r t  Tho rnkv i s t  Lund I n s t i t u t e  o f  Technology 

The work h a s  been p a r t i a l l y  funded by t h e  Swedish Counc i l  

f o r  B u i l d i n g  Research.  



2 .  DEFINITION OF COMMUNITY SYSTEMS 

A general definition of Community Systems could 

be "the infrastructural supply-systems essential 

to the proper operation of a town, i.e., the 

transportation systems for people and goods, the 

supply of water and removal of sewage; and the 

refuse-handling systems with their implications for 

energy requirements and potential energy sources". 

Community Systems, as a subject for further develop- 

ment within IEA, has also been defined to include 

models for optimization of energy supply and conser- 

vation at the community level. 

For reasons of priority, parks and green areas were not 

taken into account during the first stage, even 

though they are considered to be an element of Community 

Systems. However, it should be borne in mind that 

green areas, tree-planted spaces etc, do provide 

protection from the sun and the wind for buildings. 

The transportation sector has been excluded also since 

it generally falls within the working spheres of other 

Executive Committees. 

The energy system will, however, be considered within 

the range necessary for developing water, sewage and 

refuse-handling systems as a waste derived source. 

Especially, small-scale technologies for the local use 

of waste heat will be considered. 

The co-ordination of plans developed within IEA for 

district heating will be deployed at a later stage. 



3. OBJECTIVES AND AREAS OF STUDY 

The programme work should contribute to an increase 

in the international exchange of knowledge, ideas and 

products, all with the objective of achieving a 

reduction df energy and oil consumption within the 

IEA states. This involves a broad committment of 

research and development resources as well as resources 

of the industrial sector to realize the programme goals. 

Possibilities are limited for systems within existing 

settlements, whilst there are completely different 

degrees of freedom in the establishment of new settle- 

ments. 

The differences are so great that a division of the 

programme into two parts is warranted: 

* Existing settlements 

* New settlements 

As mentioned earlier, within this framwork the following , 

systems dill be taken up for discussion first: 

* Water supply and sewerage 

* Refuse handling 

* Small-scale energy systems 

The study will deal with the following subactivities: 

1. A survey of the technology and organizational 

principles most frequently used in Community Systems. 

2. A compilation of data regarding direct and indirect 

use of energy in Community Systems. 



3. A description of circumstances which are relevant 

to the use of Community Systems as a source of 

energy (temperatures, quantities etc). 

4. A survey of ideas for new technical and organi- 

zational solutions which could diminish the 

energy in Community Systems 

5. A survey of ideas for new technical and organi- 

zational solutions which makes it possible,to use 

Community Systems as a source of energy. 

6. A discussion regarding the introduction of the 

techniques mentioned in item 4 and 5 depending upon 

the specific situation in different countries and 

the economics of these techniques. 

7. A discussion regarding changes in the Community 

Systems as in item 4 and 5 depending upon organi- 

zation and investment capacity. 

8. A discussion about what techniques can be suitable 

in the development of international co-operative 

efforts and what techniques are already available 

in some countries but may be of interest to other 

countries. 

For small-scale energy systems the following topics are 

relevant: 

A .  The most suitable energy system for the utilization 

of waste heat: specification of demand. 

B. Low temperature techniques and waste heat utili- 

zation. 

C. Technical systems for utilization of waste heat. 



The r e c o v e r y  of m a t e r i a l  from r e f u s e  and d r a i n a g e  

sys t ems  w i l l  n o t  be i n c l u d e d ,  s i n c e  t h i s  is n o t  a  

p r imary  ene rgy  i s s u e .  

It is s u g g e s t e d  t h a t  t h e  p o i n t s  mentioned above shou ld  

be  c a r r i e d  o u t  by a l l  p a r t i c i p a t i n g  c o u n t r i e s .  Sweden 

i s  p r e p a r e d  t o  a r r a n g e  i n  s y s t e m a t i c  o r d e r  t h e  incoming 

c o n t r i b u t i o n s  f o r  t h e  p r o j e c t  r e p o r t .  

T h i s  d r a f t  main ly  d e a l s  w i t h  p o i n t s  1 t o  3 .  A p r e s e n t -  

t a t i o n  o f  a  s y n o p s i s  o f  p o i n t  A t o  C w i l l  be  i n c l u d e d  

l a t e r .  

F i n a l l y ,  t o  g i v e  an i d e a  o f  t h e  l o g i c  beh ind  t h e  ana-  

l y s i s  and a s se s smen t  o f  t h e  o b s t a c l e s  i s  e n c l o s e d  i n  

Appendix 1 .  



4.  ENERGY CONSERVATION IN SOLID WASTE 

MANAGEMENT SYSTEMS 

4 . 1  Introduction 

A developed, industrialized society generates a large 

amount of waste products in conjunction with pro- 

duction and consumption. Waste is assembled and pro- 

cessed in a variety of ways which require energy for 

handling and disposal. Many possibilities exist for 

recovering energy from waste. 

Waste has considerable energy content. For example, 

the direct energy recovery that can be achieved from 

incineration of the waste products generated each year 

in Sweden has been estimated to be about 1 0  per cenb of 

the country's total energy requirements. However, this 

concept of "waste" also comprises waste oils, bark, 

chips, straw and other similar products which are not 

normally dealt with by public-operated management of 

waste products. The potential which is recoverable in 

practice is smaller, but this by no means implies that 

it is of no interest. 

This chapter discusses first of all energy economy in 

conjunction with the treatment of solid wastes produced 

by household, commercial and industrial sources, i.e. the 

types of waste products which make up the bulk of 

municipal waste treatment and disposal in built-up areas. 

The yearly amounts generated in Sweden are stated in 

Table 1. 



T a b l e  1 

Swed i sh  I n d u s t r i a l  and househo ld  s o l i d  w a s t e s ,  1 9 8 1 .  

1) 
T y p e s  o f  w a s t e  n o r m a l l y  Amount i n  m e t -  S p e c i f i c  

p r o c e s s e d  i n  a c o n v e n -  r i c  t o n s  p e r  amount  Tons  

t i o n a l  m u n i c i p a l  w a s t e  y e a r  p e r  i n h a b i t a n t  

d i s p o s a l  s y s t e m  a n d  y e a r  

I n d u s t r i a l  w a s t e  f r o m  

m a n u f a c t u r e  a n d  com- 

merce i n c l u d i n g  

c o n s t r u c t i o n  w a s t e  a n d  

r u b b l e  4 , 5 0 0 , 0 0 0  5 2 5  

H o u s e h o l d  w a s t e  a n d  

c o m p a r a b l e  w a s t e  f r o m  

s h o p s ,  o f f i c e s  e t c .  2 , 5 0 0 , 0 0 0  290 

"  either a g r i c u l t u r a l ,  f o r e s t r y  w a s t e  p r o d u c t s ,  f i s h -  
p r o c e s s i n g  o f f a l ,  m i n i n g  i n d u s t r y ,  r e f u s e  n o r  h a z a r d o u s  
c h e m i c a l  w a s t e ,  s l u d g e  e t c ,  is i n c l u d e d .  

T h i s  c h a p t e r  is i n t e n d e d  t o  d i r e c t  a t t e n t i o n  t o  t h o s e  

p a r t s  o f  t h e  w a s t e  management  p r o c e s s  w h i c h  a r e  o f  m o s t  

i n t e r e s t  i n  t e r m s  o f  e n e r g y ,  a n d  t o  o u t l i n e  v a r i o u s  

p o s s i b i l i t i e s  f o r  f u t u r e  d e v e l o p m e n t .  



4.2 Legislation and organization 

To what extent the designand.operation of waste 

treatment systems as well as the use of waste 

products are subject to change and improvement depends 

upon its organization and upon existing legislation. 

The basic attitude taken by society to the question 

of wastes is of particular importance. Should wastes 

be regarded as a problem of disposal or as a natural 

resource? 

The Swedish government has clearly stated that wastes 

are to be considered primarily as natural resources 

which should be recovered to the greatest extent possible. 

This view thus characterizes Swedish legislation relating 

to waste products. In order that the intention of the 

law be fulfilled, it will for example be necessary to - 
co-ordinate the resources available for waste management. 

This responsibility for the most part has been put into 

the hands of local government. 

Therefore, the municipalities in Sweden carry great 

responsibility for the management of waste products, and 

also have a large say in the manner in which waste 

product management is conducted. 

4.3 Technical aspects of solid waste 

management systems 

The expression "waste management" is the collective 

concept Yor: 

* Refuse collection Assembly 
Storage 
Collection 
Transport 
Compaction 

* Waste treatment Comminution 
Separation 
Cornposting 
Incineration 



Waste disposal Deposition 
Dispersal 

* Recovery See below 

Recovery, i.e. the exploitation of waste, can be 

effected in most of the stages of the waste manage- 

ment system. Starting with the energy aspect, energy 

can be recovered primarily in two ways: 

* Direct energy recovery by conversion of the calo- 

rific value of the waste into energy as a result 

of incineration. 

* Indirect energy conservation by materials recovery, 

wherein energy bound materials can be exploited 

for the production of new raw materials. 

4.31 Energy consumption in processing waste 

Processing waste energy above all in the form of fuel for 

transport, fuel for heating and electric energy for 

machinery, lighting, etc. To permit comparisons of energy 

consumption between the different stages of the processing 

chain and the energy bound in the waste, a comparable 

energy measure has to be introduced. 

The energy coefficient "e" has been chosen as the energy 

measure: it is defined as specific energy amount in MJ per 

, metric ton of waste which expresses the energy amount 

that is required or that can be recovered in a certain 

operation of the waste management process under certain 

given conditions. 



T The specific energy amount (e I at transport in MJ/ton 

can be expressed, in a simplified manner, by the 

following relation: 

T e = Vehicle fuel consumption fMJ/krnl.Tranaport distance fkml 

On transfer and treatment of waste the corresponding 

coefficient (e) .can be obtained by direct measurement 

taken at the plant. 

The energy coefficient for various processing operations 

of the waste management systems is shown below in 

Table 2. The figures are based upon Swedish conditions, 

i.e. and efficiently organized refuse collection and 

modern waste processing operation. 



T o b Z e  2 

Specific energy consumption in MJlton of waste 

in various processing operations. 

Processing operation Energy consumption le) 

in MJ/ton of waste 

Transportation in the buil- 

ding assembly 

Collection in built-up areas 

Transport 20 km and empty 

return 

Transfer 

Compactor deposition on 

landfill 

Comminution - separation - 
composting 

Incineration 

Gas recovery 

Waste-product management, as a rule, is fashioned accor- 

ding to certain requirements placed on hygienic standard, 

and good local and working environments. It seems diffi- 

cult, without lowering standards, to effect essential 

economies of the energy demand in waste management. 

It should also be observed that waste management is not 

primarily optimized with respect to energy consumption, 

since the enerqj- cost in most cases constitutes a small 

part of the total cost of waste management. 



4.32 Energy recovery in conjunction with 

waste management 

Energy can be recovered from waste both directly by 

incineration or gas recovery, and indirectly by 

materials recovery. On direct incineration, the energy 

yield is influenced by .two decisive factors: 

* The calorific value of the waste, which in turn 

is dependent on the composition of the waste, the 

moisture content and the ash content. 

* The incineration efficiency. 

Swedish household waste contains a large proportion of 

paper and plastic and is relatively dry, which gives 

the waste a lower calorific valuel'of about 10,000 to 

11,000 MJ/ton. 

The incineration efficiency is about 60 to 65 per cent, 

which means that the energy yield can, on average, be 

estimated at about 6,500 MJ/tons of waste. 

Concerning gas recovery, the energy yield will generally 

be lower, whereas indirect energy conservation by 

materials recovery can give considerably higher values, 

which are dependent on how many times the material can' 

be recycled. Material that has been recovered one or 

more times can in addition be incinerated in a final 

stage. 

Sumerizing, it may be established that: 

* The energy consumed in the waste management 

processes is small relative to the calorific 

value of the waste. 



Energy economy in conjunction with waste 

management should be concentrated to different 

ways of exploiting the inherent energy content 

of the waste. 

"when calcu.lating the lower calorific value it is 
assumed that the water content escapes in the 
gaseous phase together with the flue gases. 

4.4 Methods of energy conservation 

4.41 Materials recovery from solid waste 

The type and composition of the waste can vary greatly 

owing to industrial structure, patterns of consumption, 

standard of living, etc. In an industrialized country 

with a high standard of living, the waste consists, to 

a great part, of paper, plastic, metal, etc. Household 

waste also contains a sizeable proportion of organic 

(degradable) matter in the form of food remains and the 

like. 

If these materials are recovered for renewed use in pro- 

duction and consumption, then great indirect energy 

savings can be made. 

Separa t i on  and t r ea tmen t  o f  s o t i d  w a s t e .  



Table 3, by the way of an example, shows the amount 

of energy saved when waste paper, iron and plastic are 

recycled once. 

T a b l e  4 

C r o s s  energy  s a v i n g s  a s  a  r e s u l t  o f  r e c o v e r y  of 

t h r e e  rnater iaZs from one t o n  o f  w a s t e .  

Source :  L.C.  L i n d f o r s ,  I n s t i t u t e  f o r  Waste-Handl ing 

T e c h n o l o g y .  

Assumed pro- Theoretically Gross energy 
portion in recoverable savings in MJ/ 

Material the waste material from ton of waste in 
the waste - one recycling 

operation 

% by weight % by weight 

Paper 45.0 35.0 

Iron 5.5' 5.0 

Plastic 7.0 6.5 

Total M J  per ton of waste 8600 

As it should be possible to recycle the material several 

times (5 to 7 times for paper should be possible) the 
total energy savings may amount to multiples of value 

given in the table. In any case, paper and plastic may 

in addition be incinerated after final recycling. 

Thus the energy potential is high' when materials are 

recovered from waste. Hitherto however, great practical , 

difficulties have been experienced at the recovery stage. 



The difficulties of recovering pure materials from 

waste generally increase with the distance from the 

source of waste. With central separation of house- 

hold waste it has thus proved difficult to obtain 

material qualities acceptable to industry. Today, 

one makes one's way, but falls short of the goal. 

As for pre-separation at source the problems associated 

with information, storage and assembly must be duly 

considered. In Sweden, a certain amount of trial 

activity is underway using both central separation and 

pre-separation at source. A great many experiments 

have been made to date. 

The Following questions should be elucidated as a step 

in the improvement of recovery of usable materials from 

waste products: 

How is the separation equipment to be operated and, 

if necessary, complemented in order that quality 

requirements be satisfied? 

Which additional equipment is needed in industry 

in order to permit the use of recovered materials? 

Is it possible to convert in a simple way existing 

but inoperative industrial plant into reprocessing 

centres for recovered products? 

Which products are best suited to incorporate 

recovered raw materials? 

How could industry be persuaded to increase the use 

of its own waste materials, which today are discarded? 

Which method for; storage, assembly and: collection are 

suitable for household waste pre-separated at source? 



* How can households be motivated to pre-separate 

' their waste? 

* Can a system of fees be used as a control instru- 

ment? 

* HOW should the profits derived from materials 

recovery be distributed to the various parties 

concerned? 

* How can materials and goods production be encouraged 

to facilitate materials recovery? 

4.42 Fuel production from solid waste 

The difficulties encountered in recovering materials of 

a satisfactory quality by the central separation process 

have focussed interest instead to the production of a 

refined fuel product IRDF) from waste. When producing 

RDF, one endeavours to concentrate as much as possible of 

the combustible material from the waste into a single 

fraction. 

A waste fuel (RDF) can be created by separation, at times 

in combination with pelletization, which has a lower 

calorific value of 12,000 to 14,000  to ton of RDF. The 

RDF fraction normally constitutes about 45 per cent of 

the waste content lif one starts from household waste), 

for this reason the fuel energy quantities per ton of 

waste are reduced to about 6,000 MJ/ton (e) . The 

efficiency of RDF incineration can be estimated at about 

65 to 70 per cent, the energy yield thus being about 

4,000 MJ/ton of waste. 

The advantages gained by using RDF as a fuel compared 

with unseparated waste are, principally: 



* RDF shou ld  be a b l e  t o  be used  i n  s i m p l e ,  s o l i d  

f u e l  p l a n t s .  

RDF, i n  c e r t a i n  forms ( f o r  example,  p e l l e t i z e d )  

shou ld  be a b l e  t o  be  s t o r e d  f o r ,  s a y ,  a  summer 

p e r i o d .  

* RDF i s  e a s i e r  t o  t r a n s p o r t .  

* RDF shou ld  produce  less emis s ion  and t h e r e f o r e  

r e q u i r e  on ly  s imp le  equipment  f o r  t h e  c o l l e c t i o n  o f  

f l u e - g a s  d u s t .  

A . g r e a t  many RDF f u e l  p roduc ing  p l a n t s  a r e  a l r e a d y  i n  

o p e r a t i o n  i n  Sweden. 

However, RDF combust ion i s  more d i f f i c u l t  t h a n  e x p e c t e d ,  

and f o r  t h i s  r e a s o n  o n l y  a  s m a l l  p r o p o r t i o n  o f  HDF is 

c u r r e n t l y  u s e d ,  m a i n l y , i n  p l a n t s  t h a t  r e l y  upon conven- 

t i o n a l  was t e  i n c i n e r a t i o n .  

The f o l l o w i n g  q u e s t i o n s  shou ld  be  answered ,  i f  RDF i s  

t o  be  p u t  t o  g r e a t e r  u s e  i n  t h e  f u t u r e :  

* How shou ld  t h e  f u e l  b e  c l a s s i f i e d  and  what r e q u i r e -  

ments  shou ld  app ly?  

* How shou ld  t h e  g r i n d i n g  and  s e p a r a t i n g  f u n c t i o n s  be 

o p t i m i z e d  i n  o r d e r  t o  p r o v i d e  a s  "good" a  f u e l  a s  

p o s s i b l e ?  

How shou ld  t h e  hydrogen c h l o r i d e  and  me ta l  c o n t e n t  

of RDF be  reduced  even  more? 

* Would t h e  p e l l e t i z i n g  p r o c e s s e s  be  modi f ied  o r  

s i m p l i f i e d ?  



+ Which d i s t r i b u t i o n  and s t o r a g e  methods would be  

most s u i t a b l e ?  

* Which f u r n a c e  t y p e s  would be  most s u i t a b l e  f o r  

RDF combust ion? 

Should RDF combust ion t a k e  p l a c e  i n  s m a l l e r  p l a n t s ?  

( a n  i n t e r e s t i n g  f u r n a c e  t y p e  a t  p r e s e n t  b e i n g  deve loped  

i n  Sweden is t h e  g a s  t u r b i n e  which i s  based  on a  s imp le  ' 

p y r o l y s i s  p rocess .combined  w i th  combust ion o f  t h e  g a s  

g e n e r a t e d ) .  

4 . 4 3  Gas r e c o v e r y , f r o m  household  was t e  

(Direct  energy  r e c o v e r y )  

T e c h n i c a l l y ,  ga s  r e c o v e r y  from was te  c a n ,  p r i n c i p a l l y ,  

be  c a r r i e d  o u t  i n  two d i f f e r e n t  ways: 

* By p y r o l y s i s ,  which i m p l i e s  t h a t  t h e  was t e  is 

g a s i f i e d  by h e a t i n g ,  whol ly  o r  p a r t l y  i n  t h e  

absence  o f  oxygen. 

* By a n a e r o b i c  f e r m e n t a t i o n  o f  t h e  o r g a n i c  c o n t e n t  

o f  t h e  was t e .  

. P y r o l y s i s  of unprocessed  was t e  h a s  been t e s t e d  i n  

d i f f e r e n t  p a r t s  of t h e  wor ld ,  b u t  t h e  e x p e r i e n c e  g a i n e d  

h a s  been d e f i n i t e l y  n e g a t i v e .  T h i s  t e c h n i q u e  w i l l  n o t ,  

t h e r e f o r e , b e  d i s c u s s e d  f u r t h e r  ( f o r  p y r o l y s i s  of RDF, 

however, s e e  t h e  p r eced ing  c h a p t e r .  

The method of a n a e r o b i c  f e r m e n t a t i o n  i s  based  on t h e  

f a c t  t h a t  t h e  o r g a n i c  c o n t e n t  o f  was t e  under  a n a e r o b i c  

c o n d i t i o n s  produces  methane g a s .  I n  n a t u r a l  concen t -  

t r a t i o n s  ( abou t  50 p e r  c e n t  methane) t h e  g a s  can  be  

d i r e c t l y  used  f o r  combust ion i n  a  g a s - f i r e d  f u r n a c e ,  b u t  

c o u l d  a l s o ,  a f t e r  p u r i f i c a t i o n ,  be  d i s t r i b u t e d  a s  c i t y  g a s .  



The p r e r e q u i s i t e s  f o r  g a s  r e c o v e r y  from household  

was t e  by a  c o n t r o l l e d  d i g e s t i o n  p r o c e s s  i n  r e a c t o r s  

o r  rock  c a v e r n s ,  a r e  a t  p r e s e n t  b e i n g i n v e s t i g a t e d  

i n  Sweden. 

I t  is e s t i m a t e d  t h a t  t h e  amount o f  ene rgy  made p o s s i b l e  

by c o n t r o l l e d  g a s  r e c o v e r y  would be from a b o u t  1 , 0 0 0  t o  

2 , 0 0 0  MJ/ton of was t e .  

The f o l l o w i n g  q u e s t i o n s  have a t t r a c t e d  a t t e n t i o n  d u r i n g  

t h e  development  phase :  

* How shou ld  t h e  o p e r a t i o n  o f  t h e  p r o c e s s  be  op t imized?  

TO what p r e - t r e a t m e n t  shou ld  t h e  was t e  be s u b j e c t e d  

p r i o r  t o  q a s i f i c a t i o n ?  

HOW i s  t h e  r e s i d u a l  p roduc t  o f  t h e  q a s i f i c a t i o n  

p roces sed?  

* What g a s  q u a l i t y  s t iould one aim a t ?  

* Which s a f e t y  a s p e c t s  must app ly  t o  t h e  p r o c e s s ?  

Another g a s  r e c o v e r y  method, t h e  development  of which 

h a s  been d r i v e n  c o n s i d e r a b l y  f u r t h e r ,  i s  t h e  r e c o v e r y  o f  

g a s  d i r e c t l y  from l a n d f i l l  s i tes .  

P r i n c i p l e s  o f  gas  p r o d u c t i o n  i n  a  s a n i t a r y  l a n d f i l l  



The anae rob ic  p r o c e s s . i n  a  l a n d f i l l  s i t e  t a k e s  

c o n s i d e r a b l y  more t ime than  when a  r e a c t o r  i s  used ,  

bu t  c o n s i d e r i n g  t h a t  waste was e a r l i e r  d e p o s i t e d  

f o r  l ong  p e r i o d s  of t ime ,  t h e  s i t e s  c o n t a i n  a  no t  

i n s i g n i f i c a n t  p o t e n t i a l  energy  sou rce .  I t  is 

e s t i m a t e d  t h a t  waste d e p o s i t  on l a n d f i l l  s i t e s  can 

produce gas  up t o  15 y e a r s .  On t h i s  b a s i s ,  t h e  energy  

amount can be e s t i m a t e d  t o  be  1,000 t o  2,000 MJ/ton of 

was te .  

This  method i s  i n t e r e s t i n g  i n s o f a r a s  t h e  n a t u r a l  

d i s c h a r g e  of g a s  from l a n d f i l l  s i t e s  i n  many c a s e s  

c r e a t e s  mo i s tu re  problems and d i s t u r b s  t h e  su r round ing  

v e g e t a t i o n .  

Apart  from t h e  i n t e r e s t  i n  a  pu re ly  t e c h n i c a l  fo l low-  

up of  t h e  method, some i n t e r e s t i n g  q u e s t i o n s  have been 

framed wi th  a  view t o  i n c r e a s i n g  t h e  p o s s i b i l i t i e s  f o r  

g a s  recovery:  

HOW should  t h e  waste be p r e - t r e a t e d  p r i o r  t o  

d e p o s i t i o n ?  

Should f i x e d  gas  pipe-works be i n s t a l l e d  i n  

connec t ion  wi th  t h e  d e p o s i t i o n ?  

Can t h e  anae rob ic  deg rada t ion  be  a c c e l e r a t e d  by 

wa te r ing  and which consequences,  f o r  example, may 

t h i s  have f o r  t h e  l e a c h a t e  format ion?  

Howcould t h e  was te  d e p o s i t i o n  be ope ra t ed  i n  t h e  

b e s t  way? 



4 . 4 4  Incineration of solid waste combined 

with energy recovery (Direct energy recovery) 

Incineration of household waste and combustible lndus- 

trial waste in conventional furnaces is a well-developed 

and well established technique in Sweden. It is 

estimated that in 1 9 8 5  about 5 0  per cent of all house- 

hold waste will be processed by incineration. The energy 

produced is exploited substantially for the production 

of hot water for municipal district heating networks. 

Of the total district heat production in Sweden in 1 9 8 1  

(about 1 2 5  PJ), waste-produced district heat amounted to 

about 4 . 5  per cent ( 5 . 5  PJ). Only about 1 0  per cent of 

the energy produced had to be removed by cooling in the 

summer-time when heating requirements are low. 

R e c o v e r y  o f  h e a t  f r o m  a n  i n c i n e r a t i o n  p Z a n t  f o r  

d i s t r i c t  h e a t i n g .  



The lower calorific value of household waste is 

from 10,000 to 11,000 MJ/ton. With the current' 

efficiency of the plants (about 60-65 per cent) 

the energy yield is about 6 ,500  MJ/ton. The lower 

calorific value of industrial waste is considerably 

higher than that of household waste and is estimated 

to be about 14,000 to 16,000 MJ/ton. Combustible 

industrial waste in Sweden amounts to around 1,500,000 

tons per year. At present, approximately 10 per cent 

is incinerated. 

The relatively low efficiency of waste incineration is 

above all due to the large flue gas losses because: 

* Incineration is subjected to a high air factor 

(a large excess of air leads to large flue gas 

quantities). 

* The temperatures of the escaping flue gases are 

kept high as otherwise there is a risk of corrosion 

in filters and chimneys. 

' Evaporated water is emitted together with the 

flue gases. 

While there is substantial unexploited energy potential 

in household and industrial waste, which at present does 

not go to incineration. We are also, nevertheless, 

interested in trying to reduce flue gas losses, and 

thereby to increase the efficiency (energy yield) of the 

plants. It should be fully possible to achieve an 

efficiency of 75 to 8 0  per cent. 

Energy obtained through incineration means a correspon- 

ding reduction in the demand for fuel oil; a useful way 

of describing the energy potential of waste is to express 



it a s  a n  e q u i v a l e n t  q u a n t i t y  o f  o i l ,  a s  i n  t h e  

f i g u r e  below:  

T a b l e  4 

Waste  o s  o  p o t e n t i a z  s o u r c e  o f  e n e r g y .  

Type o f  w a s t e  Q u a n t i t y  E n e r g y  p o t e n t i a l  

metric t o n / y e a r  

P J / y e a r ( '  t o e / y e a r  ( 2 )  
g r o s s  n e t  

Household  

w a s t e  2,500,000 2,500,000 1 9  530,000 

I n d u s t r i a l  

Waste  4,500,000 1,500,000 18 500,000 

T o t a l  7,000,000 4 ~ 0 0 0 ~ 0 0 0  3 7 '1,030,000 

(11 Assumed d e g r e e  o f  e f f i c i e n c y  75 p e r  c e n t  

(2.1 toe = o n e  e q u i v a l e n t  t o n  o f  f u e l  o i l  w i t h  
a  n e t  e n e r g y  c o n t e n t  o E . 3 6  G J .  

The t o t a l  p o t e n t i a l  i s  e s t i m a t e d  t o  b e  37 P J  p e r  y e a r .  

I n  1 9 8 1 ,  t h e  e n e r g y  t h a t  c o u l d  h a v e  b e e n  d e r i v e d  f r o m  

w a s t e ,  e x p r e s s e d  a s  a  p e r c e n t a g e  o f  t h e  h e a t  p r o d u c e d  i n  

t h e  ( m a i n l y  o i l - f i r e d )  d i s t r i c t  h e a t i n g  s t a t i o n s  i n  

Sweden, would h a v e  amounted t o  a s  much a s  30 p e r  c e n t  o f  

a l l  f u e l  r e q u i r e m e n t s  f o r  h e a t i n g .  

T h e r e  a r e  e x a m p l e s  o f  i n d i v i d u a l  m u n i c i p a l i t i e s  who have  

i n  a  s h o r t  p e r i o d  o f  t i m e  g r e a t l y  r e d u c e d  t h e i r  d e p e n -  

d e n c y  upon it t h r o u g h  a n  i n c r e a s e d  u s e  o f  w a s t e  a s  e n e r g y  

s o u r c e .  



The town of Uppsala decreased its reliance upon oil 

'from 9 2  to 2 0  per cent, in great part due to an 

effective utilization of the enerqy to be found in the 

supply system of public utilities. Waste-derived 

enerqy will in 1 9 8 5  account for a third of the enerqy 

requirements, while heat pumps at the sewage works will 

supply an additional 14 per cent. 

I 

waste 33 % 

electric boilers 

Sources  o f  e n e r g y  f o r  d i s t r i c t  h e a t i n g  p r o d u c t i o n  i n  

U p p s a l a ,  1 9 8 0  and 1 9 8 5  ( t o t a l  6 . 3  P J I .  

The environmental questions relating to waste incine- 

ration have broad public interest and have often acted as 

limiting factors. However, an operational study which is 

now being carried out in Sweden has shown that a correctly 

chosen purification technique combined with strict process- 



monitoring measures considerably reduces the combustion 

emissions. 

In addition, more detailed studies should be devoted to 

the following factors in order to ensure an increase in 

energy production through the use of waste incineration. 

The optimization of existing incineration plants. 

The framing of suitable control parameters 

The devising of auxillary instruments necessary for 

process direction and monitoring. 

The development of methods of operation and charting 

bhe links between various process parameters, treat- 

ment results etc. 

The determination of the lowest practical flue gas 

temperatures that do not risk operational breakdown 

or environmental disruption. 

The study of absorption heat pumps for wet flue gases. 

The improvement of furnace controllability. 

The training of personnel. 

The development of control systems to improve the 

quality of waste products. 



4 . 5  S u g g e s t e d  f i e l d s  o f  R a D on  e n e r g y  c o n s e r v a t i o n  

i n  s o l i d  w a s t e  management s y s t e m s  , 

?lie p r o p o s a l s  f o r  c o - o p e r a t i v e  v e n t u r e s  i n i t i a t e d  by 

t h e  S w e d i s h  f i r m s  S t u d s v i k  E n e r g i t e k n i k  AB a n d  Gunnar  

H o f s e n i u s  AB/Lise r  AB a r e  p r e s e n t e d  be low.  Bo th  f i r m s  

a r e  w i l l i n g  t o  p a r t i c i p a t e  i n  c o - o p e r a t i v e  v e n t u r e s ,  

p r o j e c t  s u p e r v i s i o n  o r  o t h e r  s i m i l a r  u n d e r t a k i n g s .  

4 . 5 1  O p e r a t i o n a l l y  o p t i m a l  e n e r g y  e x t r a c t i o n  

f rom w a s t e  

The f o l l o w i n g  r e a s o n s  c a n  b e  s t a t e d  f o r  t h e  i n c r e a s e  i n  

r e c e n t  y e a r s  o f  e n e r g y  g e n e r a t i o n  t h r o u g h  t h e  i n c i n e r a t i o n  

o f  w a s t e :  

* The volume o f  a  t y p i c a l  b a t c h  c a n  b e  r e d u c e d  i n  

volume by a b o u t  90 p e r  c e n t  t o  a n  i n e r t  p r o d u c t ,  

r e l a t i v e l y  e a s y  t o  h a n d l e .  

* The e n e r g y  c o n t e n t  of w a s t e  is h i g h  ( a r o u n d  10 t o  

16 MJ/kg) a n d  e n e r g y  e x t r a c t i o n  c a n  n o r m a l l y  b e  

c o - o r d i n a t e d  w i t h  o t h e r  f o r m s  o f  e n e r g y  g e n e r a t i o n .  

E n v i r o n m e n t a l  a s p e c t s  c a n  b e  b e t t e r  c o n t r o l l e d  d u e  

t o  improved methods  o f  o p e r a t i o n  and f l u e - g a s  

p u r i f i c a t i o n .  

U n f o r t u n a t e l y ,  w a s t e  i n c i n e r a t i o n  p l a n t s  a r e  o f t e n  

c o m p l i c a t e d  i n s t a l l a t i o n s .  Moreover ,  w a s t e  v a r i e s  i n  

q u a n t i t y  a n d  c o m p o s i t i o n .  F o r  t h e s e  r e a s o n s  w a s t e  

i n c i n e r a t i o n  may b e  c o n s i d e r e d  a  d i f f i c u l t  p r o c e s s .  

The d i f f e r e n c e  be tween  p r o p e r l y  done  a n d  a  p o o r l y  d o n e  

i n c i n e r a t i o n  o f  w a s t e  i s  c l e a r l y  m e a s u r e a b l e  i n  b o t h  

economic and  e n v i r o n m e n t a l  t e r m s .  IVis v e r y  i m p o r t a n t ,  

f o r  example ,  t o  b e  a b l e  t o  c o n t r o l  t h e  s u p p l y  and  

d i s t r i b u t i o n  o f  a i r  f o r  c o m b u s t i o n .  



In economic terms, too great:anairsupply lowers 

efficiency, i.e. there is less energy generated per 

ton of waste. From an environmental point of view, 

an increase in the volume of air means more dust 

transmitted, greater demands upon filtration and a 

poorer combustion of organic compounds. Optimal 

operation presumes s knowledge of which factors are 

important for the control of combustion and of how 

these factors affect each other in the combustion 

process. 

Proceeding from operational studies of waste combustion, 

Swedish firms have derived a computer-adapted operation 

programme that can be used in a variety of types of 

waste-fueled heating stations. The programme applied to 

Swedish installations has shown itself to bring about an 

increase in efficiency of up td 70 to 75 per cent as well 

as reducing the amount of flue-gas emissions. 

4.52 Possibilities of reducing Mercury emissions 

The emission of not easily soluble mercury compounds can 

be reduced if their capacity of absorbing solid particles 

can be improved. This possibility is often restricted, 

however, due to the risk of corrosion. Moreover, to 

reduce only Swedish emissions would lead to but marginal 

improvements. 

The easily soluble types can be reduced by means of wet 

or semi-wet processes. Several such systems are under 

development. A,wet method, especially adapted for waste 

or other moist fuels, is briefly described below. 

Brief description of a wet method of cleaning flue gases 

of hydroqen chloride 

Flue gases resulting from the incineration of waste have 



high  c o n t e n t s  of  water  vapour,  a s  i s  appa ren t  i n  t h e  

accompanying diagram. By c o o l i n g  t h e  f l u e  g a s  down 

t o  around 40°c, t h e  q u a n t i t y  of p r e c i p i t a n t  r e q u i r e d  

f o r  t h e  a b s o r p t i o n  of e a s i l y  s o l u b l e  mercury 

compounds can be gene ra t ed .  Cooling i s  accomplished 

by t h e  water  condensated from t h e  f l u e  g a s ,  which a f t e r  

pas s ing  through a  h e a t  pump, i s  r e c i r c u l a t e d .  To a  

c e r t a i n  e x t e n t ,  t h e  cooled  condensa t ion  water  i s  

used i n  t h e  gas-c leaning  s t a g e  p rope r  where it i s  

brought  i n t o  c o n t a c t  w i th  t h e  f l u e  g a s .  Because of t h e  

h igh  hydrogen c h l o r i d e  c o n t e n t  of t h e  g a s ,  t h e  p r e c i p i -  

t a n t  w i l l  be a c i d i c ;  t h e  mercury w i l l  t hen  be 

d i s s o l v e d ,  forming v o l a t i l e  c h l o r i d e  compounds. 

The r e s u l t i n g  s o l u t i o n  i s  drawn o f f .  Lime i s  then  added 

t o  produce a  b a s i c  r e a c t i o n ,  t h e r e a f t e r  an e a s i l y  s o l u b l e  

suphide  i s  added, forming a  mercury s u l p h i d e  which i s  

very  d i f f i c u l t  t o  d i s s o l v e  and t h e r e a f t e r  is a form of  

mercury s u i t a b l e  f o r  deponat ion .  

The system d e s c r i b e d  above could  p o s s i b l y  be p u t  i n t o  

o p e r a t i o n  a t  a  p i l o t  1 e v e l . a t  t h e  HGgdalen was te  i n c i n e -  

r a t i o n  s t a t i o n  i n  Stockholm. Work i s  now under way t o  

s e c u r e  t e n d e r s  f o r  t h e  supply of equipment,  whi le  

programme c l a r i f i c a t i o n  and d e f i n i t i o n  concerning  t h e  

norms t h a t  w i l l  a f f e c t  emis s ions  i s  under p r e p a r a t i o n .  

The i n t e n t i o n  i s  t o  r e q u e s t  a  g r a n t  du r ing  t h e  f i r s t  

q u a r t e r  of  next  y e a r  f o r  such a  p i l o t  p r o j e c t .  

4.53 s o r t i n g  of  household r e f u s e  a t  sou rce  

A number of r e g i o n a l  r e f u s e  c o l l e c t i o n  and t r e a t m e n t  

s t a t i o n s  were b u i l t  i n  Sweden wi th  s t a t e  g r a n t s  du r ing  

t h e  1970s. Here waste a n d r e f u s e  a r e  s e p a r a t e d  i n t o  

d i f f e r e n t  c a t e g o r i e s  of  r ecove rab le  m a t e r i a l s .  R e s u l t s  

however have n o t  t u rned  o u t  a s  expected .  The s e p a r a t e d  



m a t e r i a l  i s  n o t  of such  a  q u a l i t y  t h a t  i t  i s  a t t r a c -  

t i v e  f o r  r e c y c l i n g  pu rposes .  To d a t e  t h e  p r o j e c t  h a s  

been a  f i n a n c i a l  l o s s :  moreover ,  s t a t e  s u b s i d i e s  

have c e a s e d .  

The e x p e c t i o n  of j u s t  such  a  h i g h  technology  i n s t a l l a -  

t i o n  b e i n g  c o n s t r u c t e d  i n  no r thwes t  Sk ine  was encourage-  

ment enough f o r  t h e  Norra Asbo S a n i t a t i o n  Company t o  

beg in  an expe r imen t  based  upon s o r t i n g  o u t  r e f u s e  a t  

s o u r c e ,  t h a t  is ,  i n  t h e  households .  F i n a n c i a l  r i s k s  a r e  

b u t  minimal compared w i t h  t h e  i n v e s t m e n t s  n e c e s s a r y  f o r  

a  t e c h n o l o g i c a l l y  advanced r e f u s e  h a n d l i n g  and t r e a t m e n t  

p l a n t .  

Today, i n  a  d e n s e l y  b u i l t  a r e a  o f  de t ached  hous ing  i n  

t h e  t h r e e  t ownsh ips  of Kl ippan ,  P e r s t o r p  and  O r k e l l j u n g a  - 

pape r ,  t e x t i l e s ,  g l a s s  and me ta l  a r e  c o l l e c t e d  s e p a r a t e l y .  

I n d i v i d u a l  s t o r a g e  of e a c h  c a t e g o r y  of m a t e r i a l  t a k e s  

p l a c e  i n  g l a s s f i b r e  s a c k s  d i s t r i b u t e d  t o  each  household .  

These a r e  c o l l e c t e d  e v e r y  f o u r t h  week. The s a c k s  a r e  

empt ied  i n t o  a  s p e c i a l l y  c o n s t r u c t e d  v e h i c l e  w i t h  f o u r  

compartments ,  one  f o r  e a c h  t y p e  o f  r e f u s e .  The s a c k s  a r e  

t h e n  r e t u r n e d  t o  t h e  households .  G l a s s ,  me ta l  and 

t e x t i l e s  a r e  s t o r e d  a t  t h e  p l a n t  f o r  l a t e r  s a l e .  Paper  

i s  s e n t  on t o  a  d e p o t .  

Even r u r a l  a r e a s  a r e  i n c l u d e d .  Beginning  i n  1 9 8 2 ,  s o r t e d  

m a t e r i a l  h a s  been c o l l e c t e d  f o u r  t i m e s  a  y e a r  f rom around 

app rox ima te ly  300 houses  i n  t h e  c o u n t r y s i d e .  To l ower  

c o s t s ,  a  sy s t em was d e v i s e d  f o r  n e x t  y e a r  i n  which 

r e c o v e r a b l e  m a t e r i a l  a c c o r d i n g  t o  t h e  f o l l o w i n g  s c h e d u l e  

w i l l  be  c o l l e c t e d  a t  t h e  same t i m e  a s  o r d i n a r y  r e f u s e :  

f i r s t  c o l l e c t i o n ,  r e f u s e  p l u s  was t e  pape r  

second  " g l a s s  

t h i r d  " pape r  

f o u r t h  " t i n  c a n s  

f i f t h  " pape r  

s i x t h  " t e x t i l e s .  



The intervals are therefore: 

household refuse, 14 days 

waste paper, 1 month 

glass, 3 months 

tin cans, 3 months 

textiles. 3 months 

For the time being, only paper is being collected in 

residential districts consisting of multi-family housing 

units. 

The experience acquired to date in Skdne reveals very 

positive results. The quantity of material collected per 

person has been very high, and steadily increasing. For 

waste paper the figures are 1 7  kg per person in 1 9 8 0 ,  26 

in 1 9 8 1  and 3 0  kg per person in 1 9 8 2 .  As an economic 

venture the undertaking may be considered t o  be a success. 

The figures below (for 1 9 8 2 )  can provide an illustration 

of the distribution of costs and receipts. 

Costs Income 

Capital costs 9 0  0 0 0  

Operational costs 4 0  0 0 0  

Labour 1 4 0  0 0 0  

Collection of paper (multi-family 
housing districts) 4 0  0 0 0  

Transport: intermediate store to depot 5 0  0 0 0  

Hire of containers 1 8  0 0 0  

Depot handling, 1 2 8 0  tons at 1 3 0  SKR/ton 1 6 6  0 0 0  

Distribution of sacks and informative 
material to rural areas 3 0 0 0  

Glassfibre sacks, 1 0  0 0 0  at 2 . 4 0  each 24 0 0 0  

Public relations 2 0 0 0  

Advertising 1 5  0 0 0  

Construction costs (pick-up installations 
in multi-family housing districts) 1 0  0 0 0  

Hire of containers for paper (multi- 
family housing districts) 3 7  0 0 0  



Illustration of the distribution costs and 

receipts - continued . . . 

Costs Income 

Sale of materials collected, 

1280 tons at 355 SKR/ton 454 000 

Better utilization.of refuse depot, 
6300 m3 at 30 sm/m3 I 189 000 

Expected prof it 8 000 

Total / Swedish Crowns 643 000 643 000 

Concerning refuse, i.e. unsorted waste, there are plans 

underway of using a relatively simple method of extracting 

combustible elements and using the remainder as compost. 

4.6 Summary 

~ o t h  production and consumption in an industrialized 

society, with a high standard of living, produce large 

quantities of waste. 

The content of recoverable products and combustible 

materials in waste products conceals an important energy 

source which is but partly exploited atthe present time. 

For the proper management and utilization of waste in con- 

junction with refuse collection and processing, energy is 

consumed in the form of fuels and electricity. This 

energy consumption may, however, be considered as negli- 

gible compared with the potential amount of energy that 

may be derived from various types of recovery methods. 



In order to compare the amounts of energy available 

between different processing stages and recovery methods, 

a =omparative energy coefficient (el has been chosen 

which expresses the energy amount in MJ per ton of waste. 

The energy coefficient should be used with caution, but 

should in prinicple be of use as a factor which permits 

potential'energy amounts to be estimated. 

The energy coefficients discussed in this report are 

compiled in Table 5. 

T a b l e  5 

S p e c i f i c  e n e r g y  amoun t s  i n  M J / t o n  o f  w a s t e  t h a t  may 

b e  d e r i v e d  f rom p r o c e s s i n g  r e c o v e r y .  

Processing operation specific energy 
or amount (e) in 
Recovery method MJ/ton of waste Recovery 

Consumption 

Procegsing operation 

Internal management 0 - 50 
Assembly (built-up 
areas) 50 - 150 
Transport (20 km) 50 - 200 
Transfer 20 - 50 

Recovery method 

Deposition by com- 
pactor 50 - 100  as') 1,000-2,000 
Gas recovery in 
reactor 150 - 250  as') 1,000-2.000 
Comminution, separa- 
tion, composting 21 100 - 250 Material 3) 

Incineration 

A x 15,000-10,000) 

1GO - 200 ~ ~ ~ ~ ' 5 , 0 0 0 - 7 , 0 0 0  
Household waste 2) 

~ndustriai waste 2) 
14.000-16,000 

1) Energy coefficient indicated as lower calorific value. 
The net yield varies with the incineration efficiency. . 

2) Material recovery can also be realized by pre-separation 
at source. 

3) A = Number of possible recyclings of the material. 



Theenergy recovery from waste products can be 

dncreased'considerably by application of known 

methods which in many cases may be improved upon, 

and by the exploitation of innovations, to which 

more attention, should be devoted. 

Finally, it should be pointed out that the report 

discussed wastes exclusively with the view to potential 

energy conservation. When assessing whether parti- 

cular recovery methods may be realized or not, attention 

must also be paid to a series of other factors such as 

the environment, economics, the market, development 

trends and the like. 



5. ENERGY CONSERVATION IN WATER SUPPLY 

AND SEWAGE SYSTEMS 

5.1 Introduction 

A large part of the, total enerqy used for heating and 

production of hot water in households, offices etc, is 

lost in the waterrand sewage disposal. In Sweden the 

energy consumption in the water supply and sewage 

systems amounts to between 15 and 25 TWh/year, which is 

roughly 25 per cent of the total energy consumption for 

heating and hot water production. The potentials of 

enerqy conservation are considerable, and will briefly 

be discussed in this chapter. 

This study is confined to Community Systems in urban 

areas, and will not deal with enerqy problems in rural 

areas or in industry. Potentials for energy conservation 

in both existing water supply and sewage systems, and in 

future systems, will be discussed. There are basically 

three types of enerqy in water: potential enerqy; 

chemical - biological enerqy; and heat energy. The lar- 

gest by far type of enerqy is heat enerqy, and the study 

will be focussed on the possibilities of utilizing this 

heat. 

5.2 Legislation and organization 

In Sweden public water supply and sewage is the responsi- 

bility of the local township or municipalities. In some 

of these, the water-works or sewage treatment plants are 

owned and operated by private or municipally-owned. 

companies, selling their services to the town. In prin- 

-ciple, the consumer buys the water at the building boundry 

and "owns" the water as long as it stays inside the 

building. As soon as it is discharged to the sewage system 



it becomes public property again. This applies to 

most industries as well. Large industries often have 

their own water supply and sewage, including sewage 

treatment plants. 

The issue of "who owns the energy content of the 

water and sewage?" is not clearly covered by existing 

legislation in Sweden. The energy contained in water 

and sewage during treatment and distribution logically 

belongs to the owner of the water, that is the 

municipality. But which restrictions should be imposed 

on the energy content of the sewage that is discharged 

from a building? What temperature of the drinking water 

should the consumer demand? These and associated 

questions are not covered by Swedish legislation, nor in 

practice. There is a great need for a study of these 

issues to be made. 

5.3 Technical aspects of water supply 

and sewage systems 

A conventional water supply and sewage system in an 

industrialized city is composed of a water-works, a 

water distribution system, a sewage system and a sewage 

treatment plant. Below a simplified system is outlined, 

together with typical relative energy potential levels in 

the different parts of the system. 



Figure 5. 

NB: N o t  t o  sca le  

Chemical 
energy 

The energy potential curves in Figure 5 will naturally 

look quite different under different circumstances, but 

the curves illustrated above are believed to be 

typical for a Swedish city. 

A water supply and sewage system may be constructed in 

many ways. In order to discuss the possibilities of 

energy conservation in more detail, we have to distinguish 



t h e  d i f f e r e n t  p a r t s  of t h e  sys tem,  and  d e s c r i b e  t h e  

t e c h n i c a l  a s p e c t s  of t h e  d i f f e r e n t  e l e m e n t s  t h a t  

c o n s t i t u t e  t h e  sys tem.  The f o u r  sys tems:  water-works,  

w a t e r  d i s t r i b u t i o n ,  sewage, and sewage t r e a t m e n t  p l a n t s  

w i l l  be d i s c u s s e d  s e p a r a t e l y .  

5.4 Methods o f  ene rgy  c o n s e r v a t i o n  

5.41 Energy c o n s e r v a t i o n  i n  waterworks 

I n  s u r f a c e  w a t e r  t r e a t m e n t  works t h e  t e m p e r a t u r e  o f  

t h e  raw w a t e r  can  u s u a l l y  be  i n c r e a s e d  some d e g r e e s .  

An i n c r e a s e  of l o  K s a v e s  a s  much ene rgy  a s  t h e  t o t a l  

energy  consumption f o r  t h e  p r o d u c t i o n  and  d i s t r i b u t i o n  

o f  t h e  w a t e r .  I n  most c a s e s  it i s  more advantageous  

t o  e x t r a c t  t h i s  ene rgy  w i t h  a  h e a t  pump i n  t h e  waterworks ,  

r a t h e r  t h a n  t o  d i s t r i b u t e  a  warmer w a t e r .  

T h i s  p o s s i b i l i t y  e x i s t s  i n  most s u r f a c e  wa te r  t r e a t m e n t  

works.  Techniques  f o r  t h e  u t i l i z a t i o n  o f  t h e  energy  a r e  

a v a i l a b l e .  Problems may a r i s e  f o r  t h e  o p e r a t i o n  o f  t h e  

waterworks ,  and i n  t h e  d i s t r i b u t i o n  sys t ems ,  b u t  t h e s e .  

a r e  c o n s i d e r e d  t o  be  o f  l i t t l e  accoun t  i n  view of t h e  

p o t e n t i a l  energy  s a v i n g s .  

I n  groundwater  t r e a t m e n t  works t h e  t e m p e r a t u r e  o f  t h e  

w a t e r  i s  h i g h e r  t h a n  i n  a  s u r f a c e  w a t e r  t r e a t m e n t  works 

d u r i n g  t h e  w in t e r - t ime .  Thus,  it is g e n e r a l l y  b e t t e r ,  

from an  energy  p o i n t  o f  view, t o  u s e  groundwater .  The 

t e m p e r a t u r e  of t h e  groundwater  may, i f  t h e  g e o h y d r o l o g i c a l  

c o n d i t i o n s  a r e  s u i t a b l e ,  be  f u r t h e r  i n c r e a s e d  by a  re- 

c h a r g e  o f  warm wa te r  i n  t h e  summer. I n  some a q u i f e r s  a  

s e a s o n a l  s t o r a g e  of t h e  wa te r  may be p o s s i b l e ,  c a u s i n g  a  

s u b s t a n t i a l  i n c r e a s e  of t empera tu re :  The h e a t  energy  

may, a s  f o r  s u r f a c e  wa te r  t r e a t m e n t  works,  be  f u r t h e r  r e -  

f i n e d  by h e a t  pumps. Groundwater r e c h a r g e  i s  a  common 



t e c h n i q u e  and no problems of a  t e c h n i c a l  n a t u r e  a r e  

expec t ed .  C o n f l i c t s  may, however, a r i s e  i f  t h e  need 

f o r  wa te r  does  n o t  c o i n c i d e  w i t h  t h e  need f o r  h e a t .  

Ground w a t e r  a s  a h e a t  s o u r c e  f o r  h e a t p u m p s .  

I t  i s  n o t  uncommon t h a t  Swedish m u n i c i p a l i t i e s  ho ld  a  

wa te r  supp ly  i n  r e s e r v e  of t h e  normal supp ly .  Th i s  

r e s e r v e  wa te r  supp ly  may b e  u t i l i z e d  a s  a  h e a t  s o u r c e  

f o r  a  h e a t  pump. The t e c h n i q u e s  of r e c h a r g e  may a l s o  

be  used h e r e .  

There a r e  b a s i c a l l y  two ways of u t i l i z i n g  t h e  h e a t  i n  

d r i n k i n g  w a t e r :  

a )  by e x t r a c t i n g  t h e  h e a t  w i t h  a  h e a t  pump i n  t h e  

works o r  e l s e w h e r e ,  o r ,  

b )  by d i s t r i b u t i n g  a  warmer wa te r  t o  t h e  households  i n  

o r d e r  t o  r educe  t h e i r  energy  consumption.  

I n  t h e  second c a s e  no new i n v e s t m e n t s  w i l l  b e  n e c e s s a r y  i f  



the temperature of the raw water can be increased. In 

the first case, new investments will be necessary not 

only for the heat pump, but also for a distribution 

system for the heated water. This also limits .the use 

of this technique, since the consumption of the energy 

must not be too far away from the waterworks. Local 

conditions will set these limits. The possibilities 

for utilization of waste heat from any industry near the 

waterworks should always be investigated. 

5 . 4 2  Energy conservation in water distribution 

systems 

In existing, conventional water distribution systems 

there are always heat losses to the ground during the 

winter. The decrease of temperature may be several 

degrees. The risks of freezing is a factor that must be 

carefully investigated before heat is taken from the 

water before distribution. 

For water distribution systems that are to be built, the 

technique of insulation and utilization waste heat from 

other pipe systems (electricity, sewage, district heating) 

might prove successful. First, the heat loss from the 

water bill be diminished, or the water will even increase 

its temperature. Secondly, the trench does not have to 

be as deep as is normal. It is today not unusual to 

place the pipes only half a metre below ground level under 

an insulating cover, even in the north of Sweden. Some 

mechanical and hygienic questions remain to be: answered 

before this technique can be used on a broader scale. 

5 . 4 3  Energy conservation in households 

The largest consumption of energy in the water and sewage 

system takes place in the households, for the production 

of hot water. Several ways to decrease this consumption 



have been s t u d i e d ,  b u t  w i l l  n o t  b e  f u r t h e r  d i s c u s s e d  

h e r e .  The households  a r e  a l s o  r e s p o n s i b l e  f o r  t h e  l o s s  

of p o t e n t i a l  e n e r g y ,  and t h e  a d d i t i o n  of chemical-  

b i o l o g i c a l  ene rgy  t o  t h e  w a t e r .  

The l o s s  o f  h e a t  from t h e  sewage o c c u r s  t o  a  g r e a t  e x t e n t  

immedia te ly  a f t e r  it has  l e f t  t h e  b u i l d i n g .  T h e r e f o r e ,  

t h e  h e a t  ought  t o  be  r ecove red  i n  t h e  b u i l d i n g s .  T h i s  

can  be  done by s t o r i n g  t h e  sewage ( e x c l u d i n g  t h e  was te -  

w a t e r  from w a t e r - c l o s e t s )  i n  t h e  c e l l e r s  of t h e  b u i l d i n g ,  

u s i n g  a  h e a t  pump of a  h e a t  exchanger .  The problems o f  

m a i n t a i n i n g  and o p e r a t i n g  such a  d e v i c e  would p robab ly  be  

t o o  g r e a t  f o r  t h e  r e s i d e n t s .  However, e f f o r t  shou ld  be  

made t o  deve lop  a u t o m a t i c ,  s e l f - c l e a n i n g  h e a t  exchange r s  

a n d / o r  pumps f o r  u s e  i n  s i n g l e  bu i ld ing ; .  

I n  o r '  a d j a c e n t  t o  a  b u i l d i n g  t h e r e  a r e  a l s o  o t h e r  h e a t  

s o u r c e s  a v a i l a b l e ,  f o r  example v e n t i l a t e d  a i r ,  o u t d o o r  a i r ,  

g roundwater ,  s o i l ,  and d r i n k i n g  w a t e r .  A h e a t  pump may 

ve ry  w e l l  u s e  a l t e r n a t i v e  h e a t  s o u r c e s ,  and f o r  example 

r e v e r t  from o u t d o o r  a i r  t o  d r i n k i n g  w a t e r  depending  on 

t h e  t e m p e r a t u r e  of t h e  h e a t  s o u r c e .  O the r  f a c t o r s  a l s o  

i n f l u e n c e  t h e  c h o i c e  of h e a t  s o u r c e .  The p o s s i b i l i t i e s  

o f  d i s c h a r g i n g  t h e  c o l d  wa te r  which h a s  passed  through a  

h e a t  pump.must be  c a r e f u l l y  s t u d i e d .  The d i s c h a r g e  o f  

ve ry  c o l d  wa te r  from many b u i l d i n g s  i n  an  a r e a  t o  t h e  

sewage sys t em might  be  c r u c i a l  f o r  t h e  o p e r a t i o n  of t h e  

sys tems .  T h i s  f a c t  i m p l i e s  t h a t  t h e  p o s s i b i l i t i e s  o f  ; 

u s i n g  h e a t  pumps w i t h  w a t e r  a s  a  heaK s o u r c e  i n  r e s i d e n -  

t i a l  a r e a s  a r e  r e s t r i c t e d .  For  o u t - o f - t h e w a y  b u i l d i n g s  

o r  e l s e w h e r e ,  c o l d  wa te r  need n o t  t o  be  d i s c h a r g e d  t o  t h e  

sewage sys tem,  and h e a t  pumps f o r  w a t e r  a r e  a  real is t ic  

a l t e r n a t i v e .  

I n  Sweden t h e r e  i s  a  c l e a r  t endency  towards  a  d e c r e a s e  i n  

t h e  u se  of wa te r  i n  households  a s  w e l l  a s  i n d u s t r y .  T h i s  

c o u l d  a f f e c t  t h e  p o t e n t i a l s  f o r  energy  c o n s e r v a t i o n  i n  

two ways: 



* by reducing the waste heat in drinking water 

and sewage, 

and 

* by increasing the available capacity in the 

water supplies; thereby allowing for heat pumps 

either in the waterworks or in households.' 

5.44 Energy conservation in sewage systems 

Sewage systems may be 

* combined (all types of wastewater in one pipe); 

* duplicated (sewage from households in one pipe 

and stormwater and drainage water in another pipe), 

or 

* separated (sewage in one pipe and stormwater in 

ditches or open trenches). 

In combined sewage, the sewage, with a temperature of 

8-14O~ will be cooled by stormwater and meltwater during 

the cold seasons. This may considerably reduce the 

available heat in the sewage. Much better, from an energy 

point of view, are the duplicate or separate systems, in 

which a steady, uniform temperature is available.during 

the entire year. Because of heat losses to the trenches, 

the heat should be taken as immediately in the system as 

possible, which indicates pumpinq stations and storage 

points as potential locations for heat pumps. The tech- 

niques of exploiting the heat in raw sewage have been 

tested in a few places, and no serious operational pro-' 

, blems have been noted. Still, this technique has to be 

refined and evaluated. 

If there are risks for freezing in the sewers (or in the 

water mains), the pumping stations are not suitable loca- 



tions for heat pumps. Also, the effects of a low 

temperature on the processes in the sewage treatment 

plant should be considered. 

An alternative to transporting the sewage in long 

pipelines to'a treatment plant is to infiltrate the 

sewage in the ground. This is today an accepted method 

in Sweden, and has been applied in hundreds of small-and 

middle-sized communities. This alternative allows the 

storage of warm sewage in the aquifer from one season 

to another, if geohydrological conditions permit. 

The heat losse; in the trench may be decreased by the 

new technique of insulating the pipes, but also by better 

design of the storm sewers. These pipes sometimes act 

as ventilating shafts, and extract the heat from the 

trench and from the sewage. The stormwater also infil- 

trates into the sewage in winter-time. The possibility 

of utilizing the waste heat from district heqting systems 

and electrical systems should be investigated. 

5 . 4 5  Energy conservation in sewage treatment plants 

The sewage treatment plants in Sweden are the most-used 

locations for heat pumps in the water supply and sewage 

systems. If the heat is recovered after leaving the plant, 

the processes are not affected. The effects on the 

receiving water are small, and may in some respects even , 
be favourable. In all cases the heat from the heat pump 

can be used for internal heating of the plant, the sewage 

or the heated water can be'transported there. Rough 

estimates indicate that heat pumps in a sewage. treatment 

plant can supply about one-tenth of the heating needs in 

the area. 



Recovery  o f  w a s t e  hea t  from a  sewage t r e a t m e n t  

p t a n t  o r  a  pumping s t a t i o n .  

I n  a  sewage t r e a t m e n t  p l a n t  t h e  chemica l -b io log ica l  

energy of t h e  sewage can  be r ecove red .  Th i s  energy  i s  

c o n t a i n e d  i n  t h e  o r g a n i c  m a t e r i a l  and t h e  n u t r i e n t s  of  

t h e  sewage. There a r e  s e v e r a l  d i f f e r e n t  ways t o  r e c o v e r  

t h e  ene rgy ,  of  which t h e  most-used way today is  s ludge  

d i g e s t i o n  and t h e  p roduc t ion  of  methane. A t echn ique  

t h a t  w i l l  a l l ow b e t t e r  r ecove ry  of  t h e  energy  i s  i r r i -  

g a t i o n  w i t h  t r e a t e d  sewage. By t h i s  t e c h n i q u e ,  which has 

n o t  been used i n  Sweden a t  f u l l  s c a l e ,  t h e  n u t r i e n t s  of  

t h e  sewage a r e  u t i l i z e d  on t h e  f i e l d s  a s  a  s u b s t i t u t e  f o r  

commercial f e r t i l i z e r s .  Fur thermore ,  t h e  need f o r  t e r t i a l  

t r e a t m e n t ,  which i s  ve ry  common i n  Sweden, w i l l  d e c l i n e .  

The p o t e n t i a l  f o r  e x t r a c t i n g  t h e  chemica l  energy  of  

sewage, depending on t h e  method o f  c a l c u l a t i o n  used ,  is 

1 / 1 0  t o  1 / 2  of t h e  a v a i l a b l e  h e a t  energy  of  t h e  sewage. 



5 . 5  Suggested f i e l d s  of R & D on energy conse rva t ion  

i n  water  and sewage systems 

5 .51  Algae C u l t i v a t i o n  

The c u l t i v a t i o n  of a l q a e  a s  a  means of t r e a t i n g  sewage 

b i o l o g i c a l l y  has  become a  very  popular  method i n  many 

p l a c e s  throughout  t h e  world. Japan has today 1 0 0 , 0 0 0  

h e c t a r e s  of a l q a e  a t  work; China s t a r t e d  l a t e ' b u t  has  

a l r e a d y  2 0 . 0 0 0  h e c t a r e s .  The United S t a t e s  and Canada 

have a l s o  begun t o  c u l t i v a t e  a l g a e .  

Denmark pursues  a  dual -purpose  programme f o r  a l g a e  c u l t i -  

v a t i o n :  it performs a s  t h e  f i n a l ,  b i o l o g i c a l  s t a g e  of 

sewage t r e a t m e n t ,  and i t  p rov ides  raw m a t e r i a l  f o r  b iogas  - 
a  u s e f u l  sou rce  of  energy .  The town o f  0den;e has  s e t  

o u t  a q u a t i c  p l a n t  l i f e  i n  a  s ea l ed -o f f  i n l e t  of  t h e  s e a  

t h a t  s e r v e s  a s  a  wastewater  r e c i p i e n t .  Th i s  p a r t i c u l a r  

s o l u t i o n  w a s  p r e f e r r e d  r a t h e r  t han  t h e  a l t e r n a t i v e  one 

of  c o n s t r u c t i f i g  a  t e s t i a r y  t r ea tmen t  a t  t h e  sewage t r e a t -  

ment p l a n t .  

Algae q u i c k l y  abso rbs  t h e  n i t r o g e n  and phosphorus con- 

t a i n e d  i n  w a s t e w a t e r , p a r t l y  i n  o r d e r  t o  c r e a t e  and nour i sh  

new c e l l  growth,  p a r t l y  t o  s t o r e  away f o r  f u t u r e  needs .  

The a l g a e  i s  h a r v e s t e d  eve ry  t e n  days  by an amphibious 

v e h i c l e  equipped wi th  a  mulching pump. P a r t  of t h e  

mulched m a t e r i a l  i s  r e t u r n e d  t o  t h e  water  i n  o r d e r  t o  r e -  

new t h e  p r o e c e s s ,  and t h e  r e s t  is pumped a shore .  

T h i s  method h a s  succeeded very  w e l l  i n  Odense. An e x p e r i -  

ment is even be ing  planned t o  a l low t h e  h a r v e s t e d  a l g a e  

t o  f e rmen t ,  thereby c r e a t i n g  a  supply  of methane g a s  f o r  

t h e  b iogas  p roduc t ion  c o n s t i t u t e s  a  n o t  i n s i g n i f i c a n t  

p o r t i o n  of  t h e  munic ipa l  h e a t  supp ly .  The remainder 

( a f t e r  d e g e s t i o n )  is moreover an e x c e l l e n t  f e r t i l i z e r .  

The a l g a e  c u l t i v a t i p n  p r o j e c t  i s  a  co -ope ra t ive  under-  

t a k i n g  between t h e  town of Odense and t h e  I n s t i t u t i o n  of 



Marine Botany a t  t h e  U n i v e r s i t y  of  Lund, i n  Sweden. 

Experiments  i n  a l g a e  c u l t i v a t i o n  a r e  a l s o  underway i n  

Sweden - F a l s t e r b o  and among t h e  i s l a n d s  o f f  t h e  c o a s t  

of  t h e  p rov ince  of  Us t e rgo t l and :  bo th  under  t h e  

d i r e c t i o n  of  Lund U n i v e r s i t y .  Experiments  w i l l  a l s o  

soon beg in  on t h e  w e s t  c o a s t .  I t  is expec t ed  t h a t  w i t h i n  

5  t o  10 y e a r s ,  Sweden w i l l  have s e v e r a l  l a r g e  biomass 

i n s t a l l a t i o n s  i n  o p e r a t i o n .  

The c u l t i v a t i o n  o f  a l q a e  f o r  enerqy  pu rposes  h a s  t h e  

advan tage  o v e r  s i m i l a r  p r o j e c t s  i n v o l v i n g  t h e  c u l t i v a t i o n  

o f  ene rgy  p l a n t a t i o n s  i n  t h a t  t h e y  r e q u i r e  less s p a c e .  

Algae d o u b l e s  i t s  volume i n  4 t o  10 days  and can  be c u l t i -  

v a t e d  e i g h t  months of  t h e  y e a r .  A t  Lund U n i v e r s i t y  work 

is i n  p r o g r e s s  t o  deve lop  a  t ype  of  a l g a e  a b l e  t o  grow 

q u i c k l y  even i n  t h e  w i n t e r ,  an  improvement which would 

p e r m i t  p r o d u c t i o n  and h a r v e s t i n g  t h e  y e a r  round.  

S u i t a b l e  l o c a t i o n s  f o r  t h e  c u l t i v a t i o n  of  a l q a e  a r e  

e n c l o s e d  i n l e t s  and o t h e r  c o a s t a l  w i t e r s .  Alqae a r e  

c a p a b l e  of  a b s o r b i n g  75 t o  80 p e r  c e n t  of  t h e  n i t r o g e n  and 

phosphorus t h e y  come i n t o  c o n t a c t  w i t h .  

Alqae i s  a l s o  a  promis ing  raw m a t e r i a l  a s  enerqy  s o u r c e .  

P r e l i m i n a r y  e s t i m a t e s  i n d i c a t e  t h a t  t h e  p r i c e  of  a l g a e -  

g e n e r a t e d  ene rgy  w i l l  be less t h a n  0 . 2  SKR p e r  kwh. Alqae 

may a l s o  b e  u s e f u l  i n  t h e  r e s t o r a t i o n  of p o l l u t e d  l a k e s .  

Lake a l q a e  can e x t r a c t  t h e  n i t r o g e n  and phosphorus s t o r e d  

i n  bot tom sed imen t s .  

~ u s t  now an  i n v e s t i g a t i o n  is  be ing  conducted  t o d e t e r m i n e  

whether  o r  n o t  a l g a e  can be used to restore Rings jon ,  a  

l a k e  i n  t h e  s o u t h e r n  p a r t  o f  Sweden. T h i s  l a k e  i s  s u b j e c t  

t o  c o n s t a n t  p o l l u t i o n  from t h e  su r round ing  fa rmland.  The 

g o a l  h e r e  i s  t o  r educe  t h e  e n t r y  of  n u t r i e n t  s a l t s  by 

70 p e r  c e n t  by s e t t i n g  o u t  a l q a e  c u l t i v a t i o n s  i n  t h e  s t r e a m s  

t h a t  f eed  t h e  l a k e ,  and even i n ' t h e  open s p a c e s  i n  t h e  

l a k e  i t s e l f .  



5.52  Sludge 

The city of Gothenburg is conducting experiments using 

sewage sludge to fertilize energy plantations on margi- 

nal land. The particular piece of land used in the 

experiment is a strip about two hectares in all, that 

formely was agricultural land, now inaccessible and 

unsuitable for farming. 

In Gothenburg, as in many other towns and cities, there 

are many such inaccessible pieces of land next to 

motorways, for example, that can be used for little else. 

If sewage sludge could be used as a fertilizer for energy 

plantations on this kind of land, then the municipal 

heating stations would have access 'to a domestic source 

of fuel. The woo'd products obtained from the piece of 

land in question amounts to between 20 and 30 tons of dry 

substance, which corresponds to around 10 tons OF fuel 
oil, or 5 tons of oil per cultivated acre. 

The energy plantation in Gothenburg will be harvested 

every fourth year. A prototype of a specially designed 
harvester is now under construction. 

The College of Agriculture at Ultuna is also conducting a 

series of experiments with energy plantations fertilized 

by different types of municipal wastewater and sludge. 

Other experiments are taking place in the town of Hassle- 

holm, using wastewater, and in the northern part of 

Uppland where digested sludge fertilizes and energy plan- 

tation. The agricultural college is also investigating 

the possibility of growing energy plantations on refuse 

dumps and using leachates for irrigation. 

Research is also being conducted at Ultuna to determine 

the most practical size that cultivated areas should have, 

factors that affect growth, ecological effects etc. 

Research results are'expected in about two years time and 



after that it is believed that energy plantations 

will begin on a large scale in Sweden. 

5.53 Irrigation 

The town of Salvesborg began in 1978 an experiment 

using mechanically and biologically treated wastewater 

for irrigation purposes. The project consists of a 

300 hectare large section of farmland west of Mjxllby 

in Blekinge. The aim of the experiment is to determine 

the possibilities for and consequences of the utili- 

zation of the wastewater as a resource. 

The township and the local farmers are thereby able to 

conserve their groundwater supplies, reduce their need 

of artificial fertilizers for agriculture and chemical 

agents for sewage treatment (i.e. the testiary treatment 

will no longer be necessary) as well as reducing sludge 

transport. 

Test installations are made up of pumping stations, trans- 

fer conduits, extraction wells and land to be irrigated. 

Ten or so farmers are engaged in the project and each has 

access to a share of the available wastewater. Each 

farmer is to decide for himself when, where and how much 

to irrigate. 

There is in Scandinavia at present no definite norms that 

govern irrigation with wastewater. Such norms do exist 

however in other countries - the United States, West 

Germany and Israel, for example - where this kind of 
irrigation has been in use for some time. 

Preliminary norms have been laid down for the Solvesborg 

project, to apply during the time required for the experi- 

ment. In addition, a control~programme consisting of ex- 

tensive sampling has been decreed by the Blekinge County 

Council. 



S e v e r a l  a s p e c t s  of was tewater  i r r i g a t i o n  a r e  now 

be ing  s t u d i e d :  

- t h e  e x t e n t  and 'need  of i r r i g a t i o n  

- i r r i g a t i o n  sys tems and methods 

- l ong  and sho r t - t e rm s t o r a g e  possibilities 
- energy  b a l a n c e  and g a i n s  

- r i s k s  t o  p u b l i c  h e a l t h  

- envi ronmenta l  consequences 

- economic advantages  and r e s t r i c t i o n s  

5;54 Drinking  wa te r  as h e a t  s o u r c e  

H,assleholm i s  t h e  f i r s t  township i n  Sweden t o  s e l l  

d r i n k i n g  w a t e r  a s  a s o u r c e  of h e a t  f o r  de t ached  hous ing .  

T h i s  i s  a way of d i s p o s i n g  of s u r p l u s  w a t e r  and s a v i n g  

house-owners money. The town has  lowered t h e  c o s t  of  

t h i s  s e r v i c e  b u t  s t i l l  i n c r e a s e d  i t s  income. 

Beginning i n  1 9 8 2 ,  t h e  town o f f e r e d  f o r  s a l e  a t  s p e c i a l  ' 

r a t e s  d r i n k i n g  w a t e r  f o r  h e a t i n g  purposes . .  The r e q u i r e -  

ments w&e t h a t  house-owners h e a t  t h e i r  homes u s i n g  h e a t  

pumps t h a t  e x t r a c t  h e a t  from b o t h  w a t e r  and a i r .  T h i s  

scheme i s  made p o s s i b l e  because  t h e  Hassleholm waterworks ,  

l i k e  many o t h e r s  i n  Sweden, produces  a s u r p l u s  of  d r i n k i n g  

w a t e r  i n  t h e  w i n t e r .  Storm d r a i n s  a r e - a l s o  empty when- 

e v e r  t h e  t empera tu re  f a l l s  below f r e e z i n g  p o i n t .  

Storm d r a i n s  can  t h e r e f o r e  be used t o  remove t h e  coo led  

w a t e r  l e a v i n g  t h e  h e a t  pumps. House-owners must pay a 

s m a l l  f e e  f o r  t h i s  p r i v i l i g e .  when t h e  t empera tu re  rises 

above f r e e z i n g ,  t h e  h e a t  pumps s w i t c h  a u t o m a t i c a l l y  t o  

t h e  e x t r a c t i o n  of  h e a t  from t h e  a i r  - s to rm d r a i n s  w i l l  

t hen  be needed f o r  t h e i r  normal purpose .  

I t  i s  e s t i m a t e d  t h a t  house-owners whose house would 

o r d i n a r i l y  r e q u i r e  3 c u b i c  me t r e s  of  f u e l  o i l  a n n u a l l y ,  



w i l l  b e  a b l e  t o  s a v e  a s  much a s  3000 Skr  a  y e a r ,  

p r o v i d i n g  a  h e a t  pump i s  i n s t a l l e d  a t  a  c o s t  of 

a round 25,000 Skr .  

The township  a l s o  b e n e f i t s .  A t  t h e  p r e s e n t  l e v e l  

o f  c a p a c i t y  t h e  w a t e r  t r e a t m e n t  works c a n  s u p p l y  

w a t e r  a s  a  s o u r c e  o f  h e a t  f o r  600 houses .  Moreover,  

an a d d i t i o n a l  200 houses  t h a t  have t h e i r  own w e l l s  

c a n  a l s o  u se  t h e  s t o r m  d r a i n s .  The t own ' s  income 

i n c r e a s e d  by 700,000 S k r ,  a t  t h e  same time a s  

Sweden's  o i l  i m p o r t s  d e c l i n e d  by 2400 c u b i c  metres. 

HBssleholm d o e s  have s p e c i a l l y  advan t ageous  circum- 

s t a n c e s  t h a t  pe rmi t  t h e  scheme d e s c r i b e d  above.  Water 

is  p u r i f i e d  by t h e  p r o c e s s  o f  a r t i f i c i a l  i n f i l t r a t i o n  

o f  s u r f a c e  wa te r :  t h i s  wa t e r  i s  warmed i n  t h e  summer, 

and i n  l a t e  autumn and w i n t e r  when t h e  underground 

magazine i s  f i l l e d  w i l l  m a i n t a i n  a  h i g h e r  t empera tu re  

t h a n  would o r d i n a r y  groundwater .  

An i n v e n t o r y  made h a s  shown t h a t  t h e r e  a r e  many 

mun ic ipa l  g roundwater  ca tchment  a r e a s  i n  Sweden where 

a r t i f i c i a l  i n f i l t r a t i o n  i s  a  method used  t o  complement 

underground wa te r  r e s o u r c e s .  

5.55 D i g e s t i o n  t a n k  g a s  a s  h e a t  s o u r c e  

Many mun ic ipa l  sewage t r e a t m e n t  p l a n t s  i n  Sweden u s e  

t h e  g a s  produced i n  d i g e s t i o n  t a n k s  t o  h e a t  t h e  p l a n t  

i t s e l f .  A d i s a d v a n t a g e  i s  t h a t  a  s u r p l u s  o c c u r s  d u r i n g  

t h e  summer months and t h i s  must be  burned  o f f .  

I f  however, t h e  d i g e s t i o n  t a n k s  a r e  connec t ed  t o  t h e  

d i s t r i c t  h e a t i n g  s t a t i o n  of a  nea rby  hous ing  a r e a ,  t hen  

t h e  g a s  can  be  u t i l i z e d  b o t h  w i n t e r  and summer, because  

househo lds  w i l l  need h o t  w a t e r  t h e  y e a r  round .  



The town of Eslov recently built a biogas installation 

for the digestion of sludge; the gas by-product is 

used in a housing area in the negihbourhood, thereby 

replacing 600 cubic metres of fuel.oi1 per year. 

The interesting feature about this installation is that 

the main part of the energy of heat between the warm 

diqested sludge and the raw sludge. This exchange takes 

place in newly constructed heat exchanger expecially 

adapted for raw sludqe. A certain amount of energy is 

also obtained from the wastewater by way of heat pumps. 

These serve as complementary heat sources and are 

protected from direct contact with the wastewater through 

intermediary heat exchangers. 

In order to heat 550.cubic metres of sludqe over a 

twentyfour hour period, a total power supply of 1000 kW 

is required - obtainable in the following way: 

- 700 kW are derived with the help of heat pumps 

- 100 kw are acquired from the electricity that 

powers the heat pumps , 

The total costs of investment for the biogas installation 

amounted to 10.5 mSkr (in 1982 prices). Costs of 

operation are estimated at 300,000.Skr per year. 

When the biogas installation began operation, the volume 

of dewatered sludge fell from 18,000 to 7000 cubic 

metres per year due to the reduction'of organic material 

and the improved characteristics of the sludge. All 

diqested sludqe is used for soil improvements. 

The savings made possible as a direct result of the 

biogas installation operations are as follows: 



Partial cost Cost without Cost with Savings as a 
Biogas biogas result of sewage 
installation installa- digestion 

tion 

Polymers 5 0 0  000 200 000 300 000 

Transport 450 000 140 000 300 000 

Deposition 700 000 - 700 000 

Labour 160 000 70 000 90 000 

Total 1 810 000 410 000 1 400 000 

Moreover, a savings each year of 1.3 mSkr can be attri- 

buted to the replacement of otherwise essential fuel 

oil. Total overall savings will thus be 2.4 mSkr per 

year, permitting amortization in four years. 

The installation works on the principle of mesophilic/ 

thermophilic processes, which means that digestion takes 

place first at '35O~, thereafter at 52'~. 'The process in 

each digestion tank requires from 7 to 10 days. To sum 

up, the advantages of this system are: 

- the production of gas is increased by 10 to 15 

per cent compared to a two-stage mesophilic 

process alone 

- the dewatering characteristics of the sludge are 

improved 

- the sludge is sanitized. 
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5 . 6  Summary 

Energy i n  e x i s t i n g  w a t e r a n d  sewage sys t ems  may be  

conse rved  by:  

- b e t t e r  o p e r a t i o n  and main tenance  o f  t h e  works 

and t h e  p i p e  sy s t ems ,  

- ' i n s t a l l a t i o n  o f  more e f f i c i e n t  equipment ,  

- a  change  i n  h a b i t s  o f  energy 'consumpt ion  i n  

househo lds  and i n d u s t r y ,  

- r e c o v e r y  o f  t h e  p o t e n t i a l ,  c h e m i c a l ,  and h e a t  

ene rgy  c o n t a i n e d  i n  w a t e r  and sewage. 

A l l  t h e s e  methods of ene rgy  c o n s e r v a t i o n  shou ld  be  t r i e d ,  

and i n  combina t ion  w i l l  c o n t r i b u t e  t o  s u b s t a n t i a l  ene rgy  

s a v i n g s .  The l a r g e s t  by f a r  s o u r c e  o f  energy  i n  w a t e r  

i s  h e a t  e n e r g y .  Today t h e  modern h e a t  pump h a s  m a d e i t  

p o s s i b l e  t o  r e g a i n  most o f  t h e  h e a t  b rough t  t o  w a t e r  i n  

househo lds  by h o t  wa t e r  p r o d u c t i o n ,  o r  a l r e a d y  cheap  and 

r e l i a b l e  h e a t  pumps h a s  t o t a l l y  changed t h e  p o s s i b i l i t i e s  

f o r  u t i l i z i n g  t h e  was t e  h e a t  o f  w a t e r  and sewaqe. The 

l o c a t i o n  o f  a  h e a t  pump i n  t h e  sys tem w i l l  depend on a  

number o f  f a c t o r s ,  b u t  g e n e r a l l y ,  f o r  Swedish c o n d i t i o n s ,  

t h e  f o l l o w i n g  l o c a t i o n s  a r e  recommended: 

* I n  t h e  waterworks - e s p e c i a l l y  i f  t h e  raw wa te r  

t e m p e r a t u r e  can  be  i n c r e a s e d .  

* I n  sewage pumping s t a t i o n s  - prov ided  t h a t  t h e  

r ema in ing  h e a t  w i l l  be ' enough t o  p r e v e n t  f r e e z i n g  

i n  t h e  sewers and t o  e n s u r e  s a t i s f a c t o r y  o p e r a t i o n  

o f  t h e  sewaqe t r e a t m e n t  p l a n t . .  

* A f t e r  t h e  sewaqe h a s  been t r e a t e d ,  where i n  p r i n c i p l e  

a l l  a v a i l a b l e  h e a t  can  be  r ecove red .  



Cominations of heat sources for the heat pumps may 

prove advantageous, for example outdoor air/drinking 

water or lake water/sewqge. 

It is not recommended to recover sewage neat rrom 

individual building in an entire urban area, because 

of the obvious risk of freezing in the trenches. Nor , 
is the discharge of cold water on a broader scale from 

heat pumps into the sewer system recommended. There is 

an exception for single buildings where thes.e methods 

may be utilized. 

Moreover, the possibilities of utilizing ground water 

aquifers in existing systems for the storage of heat 

should be investigated. Aquifers may be recharged cithar 

by surface water or by sewaqe. 



I n  f u t u r e  urban  a r e a s ,  a d d i t i o n a l  o p p o r t u n i t i e s  f o r  

ene rgy  c o n s e r v a t i o n  w i l l  be p o s s i b l e ,  b e s i d e s  t h e  o n e s  

a l r e a d y  accoun ted  f o r :  

- The i n s u l a t i o n  of w a t e r  and sewage p i p e  sy s t ems  

t o  r educe  h e a t  l o s s e s  and a l l o w  f o r  a  s h a l l o w e r  

t r e n c h .  

- The p lacement  of w a t e r  mains ,  sewers and d i s t r i c t  

h e a t i n g  p i p e s  i n  t h e  same t r e n c h  i n  o r d e r  t o  

u t i l i z e  t h e  was t e  h e a t .  

- Local  i n f i l t r a t i o n  o r  s e p a r a t e  d i s c h a r g e  of 

s to rmwater  i n  o r d e r  t o :  

d )  r educe  h e a t  l o s s e s  i n  t h e  u t i l i t i e s  ' t r e n c h ,  

and 

b )  p e r m i t  t h e  d i s c h a r g e  o f  c o l d  w a t e r  f rom h e a t  

pumps. 

- I n s t a l l a t i o n  of energy  and w a t e r  c o n s e r v i n g  p i p e  

sy s t ems  and o t h e r  f i x t u r e s  and equipment  i n  b u i l d i n g s .  

The p o t e n t i a l  f o r  ene rgy  c o n s e r v a t i o n  r e p r e s e n t e d  by some 

of t h e  measures  mentioned above a r e  unknown, and shou ld  

be  s t u d i e d  f u r t h e r .  



6. THE DECISION-MAKING PROCESS, SYSTEMS 

CO-ORDINATION AND ECONOMY 

6.1 Introduction 

Various alternatives for enerqy conservation in Community 

Systems were presented in preceeding chapters. It was 

seen that from a technical point of view, there are 

several system solutions worthy of regard. The suita- 

bility and practical application of these systems are 

discussed in two case studies. 

The question now to be asked are: how can these alterna- 

tives be adapted into an overall system, how can their 

economic efficiency be rendered reliable, and how can the 

information necessary for the making of decisions be 

compiled and put in order? 

The inherent ideas of these systems mustbe promoted if 

the technical possibilities for enerqy conservation in 

Community Systems.are to be realized. A prerequisite of 

the successful promotion of system-ideas (the technical 

concepts) is that they are seen to be credible, i.e. that 

they represent biable alternatives of complements to 

existing systems without threatening to diminish the 

value of previous material or inmaterial investments. 

It is essential that the infrastructural preconditions for 

enerqy related policies concerning Community Systems must 

be clarified. In addition the methods of describing the ' 

system-situations in which the technical alternatives of 

enerqy conservation can be incorporated are of great 

importance. On the whole the result should be improved 

conditions for technical and economic rationality (perhaps 

optimality) in the decision-making process. 

The co-ordination of systems which may be necessary in 



connection with the use of different methods of 

energy conservation in Community systems is a 

complicated matter. 

However, methods of compiling complicated technical 

and economic system-charactefistics in a comprehen- 

sive and adequate form to facilitate decisions are 

being developed today, and good reasons exist for the 

application of such models in connection with problems 

of policy that arise concerning energy conservation 

in Community Systems. 

As an example of the conceivable utilization of large 

computerized policy models that may be used to help 

determine various ways of energy conservation in Community , 
I 

Systems, section' 6.2 present an application study 
I. 

carried out with a dynamic linear programming model - ,. 
MESSAGE I1 - within the framwork of another IEA annex. 
This model in application illustrates a study for the 

town of Sundsvall that had the goal of minimizing the 

total costs of energy supply during a specified period of 

time. 

The principle of the Sundsvall energy system is presented 

in section 6.23. 1t will be seen that the model can 

take into consideration the various technical system 

alternatives proposed in a previous chapter. 

The model for Community Systems in question in section 

6.2 takes up for study purposes only the large waste- 

fueled boiler intended for the supply of heat to the 

central district heating network, and at the local level 

a sewage-primed heat pump, but the model can of course be 

complemented also with other technical system alterna- 

tives of interest for Community Systems. , 

Models type MESSAGE I1 are especially helpful when it is 

necessary to select a technically optimal system solution 



for a given set of circumstances. The models can 

cope with relatively complex conditions, - modern 
computer technology permits different solution 

alternatives to be presented in a way that ought to 

be of considerable pedagogigal worth in many practical 

selection situations. 

In spite of advantages of models in the above respects, 

it must however be noted that even large and compre- 

hensive models also under-absorb information. The 

policy maker must personally be familiar with the model's 

structure, working procedure and application in order 

to understand which type of information is under-absorbed. 

Model, of course, are always simplifications of any 

given model are acceptable in a practical policy 

situation, cannot be determined without a consequence 

analysis, which in many cases can be difficult for a 

policy maker to personally carry out. Even if a policy 

model does generate practicable alternatives, it can 

naturally have difficulties in handling the particular 

set of conditions which apply in the case in question etc. 

With these restrictions in mind, the models specified 

should nevertheless be capable of broadening the rational 

basis of decisionmaking in a complex technical system and 

in this way serve as practical tools useful in the policy 

development process. 

6 . 2 1  Introduction 

Our work,began with the search for a long-term energy 

planning model that could integrate planning for energy 

supply and conservation. At IIASA Ithe International 

Institute for Applied Systems Analysis) in Vienna we 



found dynamic linear-programming model - MESSAGE I1 - 
which could minimize the total costs of energy supply 

in a given period of time. 

This model was initially constructed to minimize costs 

at a national or regional level. We decided, however, 

to determine if the model could be useful lf applied at 

a local level. A large-scale test was made of the 

model as a part of the REG1 project in Stockholm carried 

out in 1981.  

The town of Sundsvall, north of Stockholm, was selected . 
as an appropriate site for the test. The town already 

had a well-developed system of energy planning and is 

fortunate in the respect that it has the option of being 

able to select from a variety of different energy supply 

alternatives. 

The following sections present in more detail the town's 

energy problems, the model itself and the results obtained 

6.22 Energy questions 

The township, or municipal district, of Sundsvall is 

located on the coast in the northern part of Sweden. 

Municipal districts in this part of the country can be 

quite large - in Sundsvall's case 3219  square kilometres. 

  he total number of inhabitants is 9 4  500,  of which 54 

per cent live in the town of Sundsvall proper. 

1 )  An exserpt from "Case-study Sundsvall: A Model for 

Long-term Energy Planning" (IEA annex VII, subtask C) 



The town of Sundsvall is the largest industrial 

centre in the northerin part of Sweden; the dominant 

industries are paper and pulp, chemical, and metal 

works. 25 per cent of the labour force is employed 

in the industrial sector, while 60 per cent is 

employed in trade or service. Its coastal location and 

three harbours make Sundsvall an important shipping 

town. 

Survey area 

The area regarded in this study is the main urban area 

of Sundsvall. The number of inhabitants and dwellings 

is listed in table 6.1,  the age distribution of 

dwellings in table 6.2 ,  and the types of heating units 

in table 6 .3 .  

T a b Z e  6 .  1 

Number of i n h a b i t a n t s  a n d  d w e 2 L i n g  u n i t s  i n  

S u n d s v a Z Z ,  1 9 8 0 .  

Dwelling type number of Number of 
dwelling units inhabitants 

Single-family 
houses 5 600 

Multi-family 
housing 18  648 

Total 24 248 51 004 



(. 
T a b l e  6.2 

Age d i s t r i b u t i o n  of dwellings. 

Year of Number of dwellings 
construction Single-family multi-family 

- 1920  489 

1921  - 1940 889 

1941  - 1960 1  453 

1961  - 1975  2  106 

1976 - 1980  569 

unknown 9 4  

Total 5 600 

T a b Z e  6.3 

Heating s y s t e m s ,  1980. 

Type of Heating Energy supply: 
building demand Oil Electricity district other sum 

GWh 8 8 8 8 % 

Multi- 
family 274.1  25  ' 1 7 3  100  

Other 290.2  17  8 3  100  

Total 705.2  2  8  6  66 100  

Existing and future energy supply systems. 

1. The central district heating system. 

The town of Sundsvall already had a satisfactory district 



h e a t i n q  sys tem.  I n  1980 280 MW were s u p p l i e d ,  and 

p o s s i b i l i t i e s  a r e  good f o r  i n c r e a s i n g  t h i s  l o a d .  

Some of t h e  i m p o r t a n t  t o p i c s  conce rn ing  f u t u r e  d i s t r i c t  

h e a t i n q  sys t ems  a r e :  

- t h e  s i z e  o f  f u t u r e  networks 

- t e c h n i c a l  d e s i g n  

- t h e  s i z e  and i n t e g r a t i o n  o f  h e a t - g e n e r a t i n g  

s t a t i o n s  

- measures  t o  r educe  o i l  consumption 

Some p o s s i b i l i t i e s  f o r  r e d u c i n g  o i l  comsumption t h a t  

have been i n v e s t i g a t e d :  

- t h e  use  o f  s o l i d  f u e l s  i n  t h e  e x i s t i n g  co-  

g e n e r a t i o n  s t a t i o n  ( c o a l  a n d / o r  p e a t )  

- t h e  c o n s t r u c t i o n  o f  a  new s o l i d  f u e l  p l a n t  b u i l t  

t o  u s e  r e f u s e  d e r i v e d  f u e l ,  p e a t  and wood c h i p p i n g s  

(2OMWl 

- an i n c r e a s e  i n  t h e  u se  o f  i n d u s t r i a l  was t e  h e a t  

- an i n c r e a s e  i n  t h e  number o f  h e a t  pumps. 

2. Group h e a t i n q  s t a t i o n s  w i t h  a  c a p a c i t y  l a r g e r  

t han  1MW. 

Only a  s m a l l  amount o f  h e a t  is t o d a y  g e n e r a t e d  i n  l o c a l ,  

o r  g roup  s t a t i o n s .  The l a r g e s t  one a t  p r e s e n t  ( o f  a  t o t a l  

of 1 2 )  h a s  a  c a p a c i t y  of lOMW ( L j u s t a d a l e n ) .  A l l  

e x i s t i n g  u n i t s  u se  o i l ;  t h r e e  of them i n  combina t ion  w i t h  

e l e c t r i c i t y .  



I n  t h e  f u t u r e  i t  w i l l  b e  q u i t e  p o s s i b l e  t o  u s e  f u e l s  

o t h e r  t h a n  o i l ,  f o r  e x a m p l e ,  wood c h i p p i n g s ,  p e a t ,  

n a t u r a l  g a s ,  e l e c t r i c i t y  a n d  v a r i o u s  t y p e s  o f  r e f i n e d  

f u e l .  A n o t h e r  i n t e r e s t i n g  a l t e r n a t i v e  is t h e  u s e  o f  

h e a t  pumps t o  e x t r a c t  h e a t  f rom a i r  or w a t e r .  

3 .  I n d i v i d u a l  h e a t i n g  s y s t e m s  

I n  1980 t h e  e x i s t i n g  s y s t e m s  were b a s e d  upon t h e  u s e  

o f  o i l  and  e l e c t r i c i t y  ( t a b l e  3 ) .  Some p o s s i b l e  

a l t e r n a t i v e s  would b e :  

- h e a t  pumps, a v a i l a b l e  i n  a  v a r i e t y  o f  t y p e s  

- combined s y s t e m s ,  o n e s  t h a t  u s e  o i l ,  e l e c t r i c i t y  a n d  

s o l i d  f u e l s  i n  c o m b i n a t i o n .  

4 .  Energy  c o n s e r v a t i o n  

P a r l i a m e n t  d e c l a r e d  i n  1981 t h a t  t h e  r e d u c t i o n  o f  o i l  

c o n s u m p t i o n  would b e  a  p r i m a r y  n a t i o n a l  g o a l .  More 

s p e c i f i c a l l y ,  t h e  c u r r e n t  a n n u a l  i m p o r t  volume (o f  o i l )  

i s  t o  b e  r e d u c e d  b y  4 5  p e r  c e n t  b e f o r e  1990.  The two 

p r i n c i p a l  me thods  o f  o b t a i n i n g  t h i s  r e d u c t i o n  a r e :  

- a n  i n c r e a s e  i n  t h e  number o f  e n e r g y  c o n s e r v a t i o n  

m e a s u r e s  t a k e n ,  t h i s  i s  e x p e c t e d  t o  a c c o u n t  f o r  

2 5  p e r  c e n t  

- t h e  s u b s t i t u t i o n  o f  o i l  b y  o t h e r  f u e l s ,  i n c l u d i n g  

d o m e s t i c  s o l i d  f u e l s  a n d  a n  i n c r e a s e d  u s e  o f  h e a t  

pumps. 

An i m p o r t a n t  f a c t o r  i n  t h e  n a t i o n a l  e n e r g y  p o l i c y  i s  t h e  

i n t e g r a t i o n  o f  h e a t  s u p p l y  and  o o n s e r v a t i o n  m e a s u r e s ,  

e s p e c i a l l y  a s  r e g a r d s  d i s t r i c t  h e a t i n g .  



5 .  C o - o p e r a t i o n  w i t h  i n d u s t r y  

lOMW o f  w a s t e - d e r i v e d  h e a t  h a v e  b e e n  d r  ? l i v e r e d  s i n c e  

1980 f r o m  t h e  p a p e r  a n d  p u l p  p l a n t  a t  O r t v i k e n  t o  t h e  

c e n t r a l  d i s t r i c t  h e a t i n g  s y s t e m .  A f u r t h e r  7 M W  may b e  , 

o b t a i n a b l e  f rom t h e  Granges  s l u m i n i u m  works  i n  t h e  f u t u r e .  

Some o t h e r  a l t e r n a t i v e s  are: 

- a 40MW h e a t  pump t o  r e t r i v e  low t e m p e r a t u r e  h e a t  

f rom t h e  a l u m i n i u m  works  

- a 30MW h e a t  pump t o  r e t r i e v e  low t e m p e r a t u r e  h e a t  

f rom t h e  p a p e r  a n d  p u l p ' p l a n t .  

6.23 The Energy  p l a n n i n g  model  

MESSAGE I1 

A s  m e n t i o n e d  b e f o r e ,  MESSAGE I1 is a dynamic  l i n e a r  

programming model  d e s i g n e d  t o  m i n i m i z e  t o t a l  c o s t s  o f  

e n e r g y  s u p p l y  i n  a g i v e n  p e r i o d  o f  t i m e .  Some f e a t u r e s  

o f  t h e  model  are as f o l l o w s :  

A l l  e n e r g y  t e c h n o l o g i e s  t o  b e  c o n s i d e r e d  are 

s p e c i f i e d  a n d  t h e  c o r r e s p o n d i n g  t e c h n i c a l  a n d  

economic  d a t a  are a s s e m b l i e d .  

A l l  t e c h n o l o g i e s  are l i n k e d  t o g e t h e r  i n  a l o g i c a l  

scheme f rom p r i m a r y  e n e r g y  s o u r c e  t o  f i n a l  u s e r .  

The e n e r g y  s y s t e m  i n  S u n d s v a l l  is i l l u s t r a t e d  i n  

f i g u r e s  1  and 2. S e e  a l s o  t h e  map o f  t h e  s u r v e y  

area. 

E x p e c t e d  demand i s  c a l c u l a t e d .  

R e s t r i c t i o n s  are i n t r o d u c e d  i n t o  t h e  s y s t e m ,  e . g .  t h e  

e n e r g y  p o t e n t i a l  o f  l o c a l ,  r e g i o n a l  a n d  n a t i o n a l  

s o u r c e s .  



,Load demand v a r i a t i o n  i s  i n t r o d u c e d  i n t o  t h e  

model, i . e .  l o a d  c u r v e s  d e s c r i b i n g  d a i l y  and 

s e a s o n a l  v a r i a t i o n .  

P r i c e s  o f . e n e r g y  s o u r c e s  ( o i l ,  c o a l ,  p e a t ,  wood 

c h i p p i n g s  e tc )  a r e  s p e c i f i e d .  

* The model is programmed t o  respond t o  a  s p e c i f i c  

p e r i o d  o f  t i m e .  

A b a s i c  s c e n a r i o  is  e v a l u a t e d  and programmed. A f t e r  . 
t h a t  i t  i s  p o s s i b l e  t o  a l t e r  any v a r i a b l e s  f o r  a  

!' 

new tes t  r u n  i n  o r d e r  t o  i n v e s t i g a t e  any s c e n a r i o  

t hough t  d e s i r a b l e .  

The ene rgy  sys tem i n  S u n d s v a l l  

An energy  sys tem can  b e  d e s c r i b e d  a s  a  l i n e a r  scheme, 

w i t h  t h e  f o l l o w i n g  s t a g e s :  

* pr imary  ene rgy  s o u r c e s  

( n a t i o n a l  and r e g i o n a l  e l e c t r i c i t y  s u p p l y  g r i d s  and 

gas  supp ly  ne tworks ,  h e a t  c o - g e n e r a t i o n  s t a t i o n s ,  

s u r p l u s  i n d u s t r i a l  e n e r g y ,  l a r g e  ho t -wa te r  p roduc t ion  

p l a n t s ,  l a r g e  h e a t  pumps) 

* secondary  energy  s o u r c e s  and main d i s t r i b u t i o n  network 

( l o c a l  d i s t r i c t  h e a t i n g  networks i n  each  a r e a ,  l o c a l  

e l e c t r i c i t y  supp ly  and g a s  ne tworks ,  l o c a l  o i l  and 

s o l i d  f u e l  d i s t r i b u t i o n  s e r v i c e s )  

* supp ly  sy s t ems  

( d i s t r i c t  h e a t i n g ,  d i r e c t  e l e c t r i c a l  h e a t i n g ,  i n d i r e c t  

e l e c t r i c a l  h e a t i n g ,  o i l - f i r e d  b o i l e r s ,  g a s - f i r e d  

b o i l e r s ,  s o l i d  f u e l  b o i l e r s ,  combina t ion  b o i l e r s )  

r e c i p i e n t s  

( ene rgy  demand i n  hous ing  and o t h e r  b u i l d i n g s ) .  



RAW MATfRIAL! 

F i g u r e  6 . 1  illustrates t h e  u o r i o u s  t e e h n i c o t  

o p t i o n s  p o s s i b l e  i n  t h e  e n e r g y  s u p p l y  s y s t e m  

of t h e  s u r v e y  a r e a .  
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F i g u r e  6 . 2  i s  a s i m p l i f i e d  v e r s i o n  o f  t h e  survf!, 

a r e a .  The c i r c l e d  E i g u r e s  r e f e r  t o  E i g u r e  6 . 1 .  

A s  a  f i r s t  s t e p  t h e  s u r v e y  a r e a  i s  d i v i d e d  i n t o  

5 g e o g r a p h i c a l  a r e a s :  

A .  B e r g s a k e r  

B .  B o s v e d j a n  

C .  L j u s t a d a l e n  

D. Skonsmon 

0 .  P o t e n t i a l  d i s t r i c t  h e a t i n g  a r e a  t o  b e  s u p p l i e d  by 

t h e  c e n t r a l  d i s t r i c t  h e a t i n g  s y s t e m .  

I n  s e c o n d  s t e p  area 0 i s  d i v i d e d  i n t o  4 d i f f e r e n t  z o n c s  

f r o m  h i g h  t o  low d e n s i t y .  



6 . 2 4  R e s u l t s  ob ta ined  from t h e  model 

The ce'Etfa? d i s t g i ~ t - h $ a t i ~ q - s y s & e ~  - 

The type  of h e a t  g e n e r a t i o n  i n  t h e  c e n t r a l  d i s t r i c t  

i s  an impor tant  a s p e c t  of t h e  f u t u r e  energy  supply  

system i n  Sundsva l l .  

F igu re  6 . 3  i l l u s t r a t e s  t h e  op t ima l  and c o s t  minimizing 

mix of energy  i n p u t s  f o r  t h e  c e n t r a l  d i s t r i c t  h e a t i n q  

system. 

(base  c a s e )  

(co-gen f r e e )  

(co-gen f i x ,  

c o a l  c u t )  

(co-gen f r e e ,  

d h t  d i s t r i b u t i o n  

c o s t  doubled)  

t h e  base  s c e n a r i o  

a  s c e n a r i o  i n  which t h e  p r e s e n t  

co-genera t ion  p l a n t  need no t  

n e c e s s a r i l y  e x i s t  

a  s c e n a r i o  i n  which t h e  p r e s e n t  

co-genera t ion  p l a n t  i s  assumed t o  

e x i s t ,  b u t  i s  n o t  al lowed t o  use  

c o a l  

A s c e n a r i o  wi th  t h e  assumptions of 

S 2  b u t  w i th  c o s t s  of  d i s t r i c t  h e a t  

d i s t r i b u t i o n  doubled a s  compared 

t o  o t h e r  s c e n a r i o s .  

The above s c e n a r i o s  r e p r e s e n t  f o u r  of t h e  above twelve  

gene ra t ed .  I 

Another a s p e c t  t o  c o n s i d e r  i s  whether each geograph ica l  

a r e a  i s  t o  be s u p p l i e d  by energy from t h e  d i s t r i c t  hea t inq  

system o r  from l o c a l  h e a t i n q  p l a n t s .  



Figure 4 is a chart of the optimal solutions using 

the scenarios listed above for all of the geographical 

areas taken together. 

The optimal total heating structure for the scenarios 

mentioned above are presented in figure 6.6. The figure 

reveals that central district heating will be the most 

important supply in the'future and that the use of 

individual systems (using oil or electricity) will de- 

cline gradually. Another important point is that energy 

conservation measures (up to a certain level) should be 

carried out as quickly as possible. 

If the present value of total costs of the system are 

taken into account (for the period 1980-20101 then 

scenario S2 (co-gen free1 will be the most inexpensive. 

Scenario Present value 

(1980 prices1 

S1 base case 4 330 million Sw. Cr. 

S2 co-gen free 4 250 " ,t 0, 

53 co-gen fix, coal out 4 540 " 8 ,  8, 

54 co-gen free, district 

heating distribution 

cost doubled 4 320 " 5s  s t  

As the heat co-generation plant does already exist, 

scenarios 2 and 4 cannot be realized. Therefore scenario 

1 must be compared with number 3 (co-gen fix, coal out). 

Of the two S1 is the most inexpensive with respect to 

present value. If the entire goal duration is taken into 

consideration, the coal out alternative will be 5 per cent 



or 200 million Swedish Crowns more expensive than the 

coal in. alternative. 

Figure  6 . 3  

C e n t r a l  d i s t r i c t  hea t  g e n e r a t i o n  by  t y p e  
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Figure 6 . 4  

LocaZ d i s t r i c t  h e a t  g e n e r a t i o n  by  t y p e .  
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Figure 6 .  5 

T o t a l  h e a t i n g  s t r u c t u r e .  

51 (Base case) 
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systemcosts- - 

The system of the optimal base-case scenario are 

illustrated below; 

Figure 6 . 6  

s y s t e m  c o s t s  ( b a s e  c a s e )  

mill. SEK /year 

 investment^ E l  ocerating and 
. . . maintenance 



The diagram below calls attention to the preponderance 

of public investment over private in the initial states 

of the goal period. Private investments are estimated 

to remain almost constant throughout the entire period. 

More than 50 per cent of the necessary public invest- 

ments before 1985 will be for the construction and 

fitting out of heat co-generation plants. 

Figure 6. 7 

Investments by investor (bass case). 

milj SEK /year 

pubin 0 private 



The a v e r a g e  shadow p r i c e s  o f  ene rgy  i l l u s t r a t e d  i n  

t h e  d iagram below r e v e a l  t h e  marg ina l  c o s t s  o f  t h e  

l a s t  ene rgy  u n i t  produced f o r  d i s t r i c t  h e a t i n g  and 

e l e c t r i c i t y  s u p p l y .  

The c o s t s  d i f f e r  from p e r i o d  t o  p e r i o d  and i n d i c a t e  

t h e  p r i c e  l e v e l s  o f  energy  o u t p u t  f o r  o p e r a t i n g  t h e  

c o l l e c t i v e  sys tems  w i t h o u t  d e f i c i t .  

For e l e c t r i c i t y ,  t h e  p r i c e  development  i f  shown 

r e l a t i v e  t o  t h e  i n p u t  p r i c e  o f  e l e c t r i c i t y  i n t o  Sunds- 

v a l l .  The d i s t r i c t  h e a t  p r i c e  i s  g e n e r a t e d  i n t e r n a l l y  

and r e f l e c t s  t h e  change i n  mix o f  f u e l  i n p u t s  o v e r  

p e r i o d s  o f  t i m e .  

Figure 6 . 8  

Average shadow p r i c e s  o f  f i n a l  e n e r g y .  



6 . 2 5  Summary 

The purpose  of t h i s  s t u d y  was t o  de t e rmine  i f  

MESSAGE 11, a  l i n e a r  programming model de s igned  

t o  minimize t h e  t o t a l  c o s t s  of energy  o v e r  a  g iven  

p e r i o d  o f  time a t  a  r e g i o n a l  o r  n a t i o n a l  l e v e l ,  

cou ld  a l s o  be  made t o  s e r v e  t h e  needs  of an  ene rgy  

s u p p l y  sys tem a t  t h e  l o c a l  l e v e l .  

The town of S u n d s v a l l  was found t o  be  an a p p r o p r i a t e  

l o c a t i o n  f o r  a  c a s e  s t u d y .  

The r e s u l t s  o b t a i n e d  from t h e  s t u d y  showed t h a t  t h e  

t o t a l  sy s t em c o s t s  o v e r  a p e r i o d  of 30 y e a r s  f o r  a  

v a r i e t y  of supp ly  a l t e r n a t i v e s ,  when i n t e r e s t  r a t e s  and 

p r i c e s  o f  ene rgy  i n p u t s  a r e  c o n s t a n t ,  on ly  d i f f e r  by 

5 t o  7 p e r  c e n t  w i t h  r e g a r d  t o  t h e  p r e s e n t  v a l u e .  To 

some e x t e n t  t h i s  is  due  t o  t h e  p r e sence  o f  t h e  l a r g e  

co -gene ra t i on  p l a n t .  

Of c o u r s e ,  t h e  i n t e r e s t  r a t e s  and f u t u r e  p r i c e  r e l a t i o n -  

s h i p s  o f  competing energy  s o u r c e s  a r e  of g r e a t  impor tance  

and w i l l  v e ry  much a f f e c t  t h e  f i n a l  c h o i c e  of ene rgy  

sys tems .  

With h e l p  from t h e  model it i s  p o s s i b l e  t o  demons t r a t e  

t h e  i n f l u e n c e  of d i f f e r e n t  ene rgy  i n p u t  p r i c e s  and ene rgy  

r a t e s  on t h e  t o t a l  sys tem and i t s  c o s t s  o v e r  a  l o n g  

t ime-span.  

I t  i s  o u r  c o n c l u s i o n  t h a t  t h e  model is a  most v a l u a b l e  

t o o l  f o r  p o l i c y  makers a t  t h e  l o c a l  l e v e l .  I t s  major  

a t t r a c t i o n  i s  i t s  a b i l i t y  t o  i d e n t i f y  and compare a l t e r n a -  

t i v e  sy s t em s o l u t i o n s  i n  o r d e r  t o  e n s u r e  t h e  b e s t  p o s s i b l e  

s e l e c t i o n .  



7.  TWO SWEDISH CASE STUDIES: 

GOTHENBURG AND MORA 

One o f  t h e  g o a l s  o f  Swedish ene rgy  p o l i c y  is t o  l ower  

t h e   country,'^ t o t a l  ene rgy  r e q u i r e m e n t s  by 30 p e r  c e n t  

b e f o r e  1990, mainly by r e d u c i n g  t h e  consumption o f  o i l .  

Th i s  c h a p t e r w i l l  d e s c r i b e  how two Swedish m u n i c i p a l i t i e s  

have i n i t i a t e d  an e f f e c t i v e  ene rgy  p l a n n i n g  programme 

des igned  t o  a c h i e v e  t h e  s t a t e d  g o a l s .  I n  b o t h  c a s e s ,  

ene rgy  r e s o u r c e s  found i n  t h e  mun ic ipa l  s a n i t a t i o n  ser- 

v i c e s  a r e  b e i n g  p u t  t o  u s e .  The most popu la r  methods o f  

ene rgy  e x t r a c t i o n  a r e  (a1 t h e  u s e  of was t e  a s  f u e l ,  and 

(b l  t h e  u s e  o f  h e a t  pumps t o  e x t r a c t  h e a t  from was t ewa te r .  

7 .1 Gothenburg 

The c i t y  o f  Gothenburg i s  s i t u a t e d  on t h e  w e s t  c o a s t  a t  

t h e  mouth of t h e  Gota R ive r .  I t  i s  a  v e r y  i m p o r t a n t  

h a r b o u r  and i n d u s t r i a l  c e n t r e ;  w i t h  i ts  p o p u l a t i o n  of 

app rox ima te ly  h a l f  a  m i l l i o n  peop le ,  it i s  t h e  c o u n t r y ' s  

second  l a r g e s t  c i t y .  

Gothenburg is t h e  s i t e  o f  Swedenls l a r g e s t  p o r t  a s  r e g a r d s  

i m p o r t a t i o n  o f  o i l  and pe t ro l eum p r o d u c t s ,  a c c o u n t i n g  

f o r  a b o u t  35 p e r  c e n t  o f  t h e  t o t a l  i m p o r t  f i g u r e s .  More- 

o v e r ,  t h e r e  a r e  t h r e e  r e f i n e r i e s  i n  t h e  v i c i n i t y  ( S h e l l ,  

BP, and Swedish company, Nynas) .  

By i s s u i n g  and d i s t r i b u t i n g  i n f o r m a t i o n  t o  t h e  p u b l i c  

a b o u t  ene rgy  c o n s e r v a t i o n  m a t t e r s  and encou rag ing  t e c h n i c a l  

improvements to b u i l d i n g s  and houses  i t  is b e l i e v e d  t h a t  

ene rgy  consumption f o r  h e a t i n g  pu rposes  can  be  reduced  by 

a  t h i r d .  I n  a b s o l u t e  f i g u r e s  t h i s  means a  r e d u c t i o n  of 

energy  demarid from app rox ima te ly  20.8 PJ i n  1979 t o  

18.4 PJ by 1990. 608,0'00 c u b i c  metres of o i l  were used  t o  

h e a t  b u i l d i n g s  and houses  i n  1979. I t  i s  hoped t o  lower  



this figure by 78 per cent or 130,000 cubic metres 

by 1990.  

After reviewing various alternatives for the replace- 

ment of oil, among others coal, the city of Gothenburg 

decided first of all on a mximum utilization of locally 

available energy sources such as: 

- heat pump extraction of heat from wastewater 

- energy extraction from waste 

- surplus heat from the refineries 

The figure below illustrates the planned development for 

the period 1979  - 2000.  

H e a t  g e n e r a t i o n  i n  C o t h e n b u r g  1 9 7 9  - 2 0 0 0  

INDIVIDUAL 
HEATING 

------- 

2 
DISTRICT 

1 HEATING 



The a v a i l a b i l i t y  o f  s u r p l u s  h e a t  i n  g r e a t  q u a n t i t i e s  

i n  t h e  Gothenburq a r e a  enhances  t h e  p r o s p e c t s  f o r  t h e  

s t o r a g e  of ene rqy  d u r i n g  t h e  summer months. A s t u d y  

made i n d i c a t e s  t h a t  a t  l e a s t  6000 c u b i c  me t r e s  of o i l  

c o u l d  be  saved  a n n u a l l y  th rough h e a t  s t o r a g e .  

7 .11  S o l i d  was t e  management 

The was t e  f u e l e d  h e a t  g e n e r a t i n g  s t a t i o n  i n  Gothenburq 

i s  owned by GRAAB, t h e  Gothenburq r e g i o n a l  S a n i t a t i o n  

Company, which i n  t u r n  is owned by t h e  c i t y  o f  Gothenburg 

and o t h e r  townships  i n  t h e  a r e a .  The i n s t a l l a t i o n  began 

o p e r a t i o n s  i n  1872 and u s e s  was t e  c o l l e c t e d  from house-  

h o l d s  and i n d u s t r y .  239,000 t o n s  o f  w a s t e  were burned i n  

1982, p roduc ing  a  q u a n t i t y  of  h e a t  amounting t o  1500 TJ .  

The h e a t  enerqy  exchange c o n s i s t e d  t h e r e f o r e ,  on a v e r a g e ,  

of 6400 M J  p e r  t o n  of w a s t e .  

1200 TJ were d e l i v e r e d  t o  t h e  Gothenburq Power Company i n  

1982, o r  14 p e r  c e n t  of t h e  h e a t  s u p p l i e d  by t h e  munic i -  - 
p a l l y  owned d i s t r i c t  h e a t i n g  s t a t i o n s .  The income from 

t h e  s a l e  o f  energy  made it p o s s i b l e  t o  lower  t h e  c h a r g e s  

f o r  h a n d l i n g  was t e .  

Of t h e  enerqy  produced ,  180 TJ was l o s t  because  o f  t h e  

l a c k  of.demand i n  t h e  sy s t em d u r i n g  t h e  summer months. 

The network i s  b e i n g  expanded however s o  t h a t  by 1966 new 

cus tomer s  w i l l  e n s u r e  t h a t  a l l  enerqy  produced  can  be used .  

The was te - fue led  h e a t i n g  s t a t i o n  c o n s i s t s  of t h r e e  oven 

u n i t s  (Von R o l l )  each  w i t h  a  c a p a c i t y  of 15 t o n s  of was t e  

p e r  hou r .  The h e a t  o f  combust ion i s  c o l l e c t e d  i n  f l u e  g a s  

b o i l e r s  ( G e n e r a t o r )  which u se  h e a t  exchange r s  t o  t r a n s f e r  

h o t  wa t e r  t o  t h e  d i s t r i c t  h e a t i n g  ne twork .  

The f i g u r e  below shows a  c r o s s - s e c t i o n  o f  t h e  i n s t a l l a t i o n  

a s  it was i n  1981. S i n c e  t h e n  economisers  f o r  t h e  p r e l i m i -  



nary heating of circulation water have been added 

to the three flue gas boilers. 

The C R A A B  h e a t  g e n e r a t i n g  s t a t i o n  i n  C o t h e n b u r g :  

discharge hall 8. fire trough 

waste containers 9. slag hopper 

vibration hopper 1 0 .  flue gas boiler 

oven 1 1 .  electrofilter 

dehydrofication grate 1 2 .  exhaust gas fan 

main grate 13. chimnek 

combustion grate 1 4 .  entrance ramp 

There is a demand for the energy produced during most of 

I the year, GRAAB has therefore extended a great deal of 

effort in optimizing the combustion both from the 

economic and environmental points of view. 



The a d d i t i o n  o=  t h e  e c o n o c i z e r s  l e d  t o  an  improvement i n  

e f f i c i e n c y  a s  t h e  t e - . p e r a t 3 ~ r e  o.f t h e  f l u e  q a s e s  were 

lowered  from 290 t o  225 '~ .  As t h e  t e m p e r a t u r e  o f  t h e  

g a s  is lowered i ts  volume becomes less, r e d u c i n g  t h e  l o a d  

upon t h e  e l e c t r o f i l t e r .  Although t h e  e f f e c t  produced h a s  

been i n c r e a s e d  by 6 M J  t h e  d u s t c o n t e n t  o f  t h e  f l u e  q a s e s  

h a s  been g r e a t l y  r educed .  

Fu r the rmore ,  a  mini-computer ized c o n t r o l  and gu idance  

sys t em f o r  t h e  ovens  was i n s t a l l e d  i n  1982. Such equ ip -  

ment e n s u r e s  a  more even  r a t e  o f  combust ion which means 

t h a t  t h e  oven ,  b o i l e r  and f i l t e r  now work under  much more 

advan t ageous  c o n d i t i o n s .  The economisers  and o t h e r  

measures  t a k e n  t o  improve o p e r a t i o n a l  per formance  have 

meant t h a t  t h e  d e g r e e  o f  e f f i c i e n c y f o r  t h e  p l a n t  a s  a  

whole c o u l d  be  i n c r e a s e d  from 66 t o  75 p e r  c e n t .  Energy 

p r o d u c t i o n ,  beca'use o f  t h e  above mentioned improvements ,  

w i l l  be  r a i s e d  by 290 TJ a n n u a l l y  beg inn ing  t h i s  

y e a r .  

A t  p r e s e n t  an  en l a rgemen t  o f  t h e  p r e l i m i n a r y  h a n d l i n g  

s e c t i o n  is underway t o  r e c e i v e  i n d u s t r i a l  was t e .  

P r e l i m i n a r y  t r e a t m e n t  improves t h e  c o m b u s t a b i l i t y  o f  

t h e  w a s t e  and r e d u c e s  t h e  r i s k  o f  i n t e r r u p t i o n s  t o  

o p e r a t i o n s  i n  t h e  ovens .  T h i s  t o o  shou ld  r e s u l t  i n  an  

i n c r e a s e  i n  ene rgy  p r o d u c t i o n  i n  t h e  l ong  run .  

7 .12  Water s u p p l y  and sewage sys t ems  

There  a r e  two c o n d i t i o n s  f o r  making a  h e a t  pump 

i n s t a l l a t i o n  economic: 

* t h e  h e a t  s o u r c e  must have a  c o n s t a n t  and n o t  t o o  

low a  t e m p e r a t u r e ,  and 

* t h e r e  must be  a  d i s t r i c t  h e a t i n g  d i s t r i b u t i o n  n e t  

nea rby .  



Both these conditions are fulfilled in the sewage treat- 

ment plant of Ryaverket, which receives sewage from the 

Gothenburg reqion (about half a million inhabitants). 

The sewage flow, and the temperature, at the Ryaverket 

permits the installation of heatpumps for delivery of 

about 135 MW. The installation is carried through at 

three steps of 27, 27, and 80 MW, respectively. 

A temperature-duration curve for the sewage at Ryaverket 

is shown in the figure on the next page. The temperature 

will be lowered about 1.3Oc by the first heat pump. When 

all three pumps are installed, the discharged sewage will 

have a minimum temperature of 0 .~OC. 

The first heat pump will be operating by the winter 

of 1983/84, delivering about 150 GWh heat, which 

approximately corresponds to 15.000 m3 of heavy fuel 

oil, or the annual heat consumption of 12,000 dwellings. 

The investment cost bill is about 44 M Skr ( 6  million $ ) ,  

and the cost is estimated to be regained in 4 years. 

The second heat pumphas equivalent data, but is estimated 

to pay off in 2.7 years. The third heat pump has not 

yet been decided upon. The decision depends on whether 

certain residential areas, which receive their heat from 

private companies will be connected to the public district 

heating system. Furthermore, the district heating 

distribution network will have to be extended. 

In the Gothenburg reqion there are also 5 large sewage 

pumping stations, and a considerable number of smaller 

pumping stations. A heat pump has been installed at one 

of the larger stations, with untreated sewage as the heat 

source. The pump has been operating for some years, and 

performs satisfactorily, pro"ided daily maintenance is 

kept up. The time required for investment pay-off has 

been estimated to be 10 years. A filter would decrease 

maintenance needs, but would also considerably increase 

the pay-off time. 
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7.2 Case 11: M O M  

Mora is a town of 2 0 , 0 0 0  inhabitants, situated in 

the province at Dalarna in the middle of Sweden. 

About 7 0  per cent of the inhabitants live in one- 

family houses. Small and medium-sized industries, 

mainly manufacturing engineering industries, employ 

about 4 0  per cent of the working population. Annual 
0 mean temperature is t 3.4 C. 

The heat supply for the town during 1 9 8 0 ,  and antici- 

pated heat supply for 1 9 8 5  and 1 9 9 0  is displayed in 

the figure below: 

G W h  

ENERGY CONSERVAT!CN 0 
OIL 

Hea t  suppZy i n  Mora 1 9 8 0  - 1 9 9 0 .  



From the figure it can be seen that the heat supply 

already by 1980 to a relatively large extent was 

based on wood fuel, mostly in the one-family houses 

situated outside the main urban centre. 

From a total heat supply of 503 GWh in 1980, 113 GWh 

was supplied via the district heating network. The 

fuels used for district heating were oil (92 GWh) and 

wood (2 1 WHh) . 

The potentials for energy conservation in the municipal 

heatinq systems will be utilized only partially. A new 

refuse incineration was constructed in 1981, which should 

deliver about 30 MWh annually when fully utilized. A 

heat pump has been installed in the largest sewage 

treatment plant, but only for heatinq the plant itself. 

The plant is situated outside the town proper, and the 

distance to the district heating distribution network 

is considered to be too long for en economic utilization 

of the sewage-derived heat. There has so Ear been no 

discussion on the possibilities of installing heat pumps 

in the waterworks or in the sewage pumping stations. 

The reasons for this is that the heat produced in the 

refuse incineration plant well covers the heat produced 

in the refuse incineration plant well covers the demand 

in the summer. A heat storage facility - there are 
potentials for aquifer storages - would increase the 
possibilities of utilizing the local waste heat sources. 

The economics of an,aquifer heat storage has however not 

been calculated. 

7.21 Energy extraction from the combustion 

of waste 

The waste-fueled heat generating station in Mora is 

wholly owned by a municipal corporation. The installation 

began its operations in 1981 and uses mainly household 



refuse, but also some office and industrial waste. 

15,000 tons of waste were incinerated in 1982, pro- 

ducing 90 TJ of energy (1.8 TJ had to be dissipated). 

The net energy exchange amounted to 6000 MJ per ton of 

waste. 

The energy produced is used for district heating and 

the deliveries from the heat generatinq account for 

25 per cent of Mora's present district heating supplies. 

The heat generatinq station consists of an oven unit 

(Bruun a Sorensen AB) with a capacity of 3.15 tons of 

waste per hour. Final combustion takes place in an 

afterburner connected to the fule gas boiler. The 

figure below- shows a cross-section of the plant. 

T h e  Mora h e a t  g e n e r a t i n g  s t a t i o n :  



1 . r e f u s e  s i l o  5 .  f l u e  g a s  b o i l e r  

2 .  a u t o m a t i c  l o a d e r  6 .  conveyor  b e l t  f o r  

3. combust ion oven removal of s l a g  

4 .  a f t e r b u r n e r  7.  e l e c t r o f i l t e r  

The maximum c a p a c i t y  of t h e  p l a n t  i s  25,000 t o n s  o f  was te  

p e r  y e a r .  T h i s  means t h a t  t h e  p roduc t ion  o f  ene rgy  from 

t h e  h e a t  g e n e r a t i n g  p l a n t ,  a t  i t s  p r e s e n t  mode o f  

o p e r a t i o n ,  c an  be  a s  h igh  a s  140 TJ p e r  y e a r .  An o p t i -  

m i z a t i o n  o f  t h e  combust ion p r o c e s s  shou ld  however make it 

p o s s i b l e  t o  r a i s e  t h i s  f i g u r e  t o  150-170 TJ pe r  y e a r .  

A l l  o f  t h i s  energy  i s  n o t  r e q u i r e d  a t  t h e  p r e s e n t  t i m e  i n  

t h e  d i s t r i c t  h e a t i n g  network.  However, t h e  town of Mora 

h a s  b u i l t  a  f a c t o r y  f o r  t h e  manufac ture  o f  p e a t  and wood- 

c h i p  f u e l  p e l l e t s  and i t  i s  t e c h n i c a l l y  f e a s i b l e  t o  u se  

t h e  s u r p l u s  ene rgy  i n  t h e  f a c t o r y ' s  p r o c e s s  d r y e r .  

7 .22 Water supply  and sewage sys tems  

A h e a t  pump h a s  been i n s t a l l e d  i n  t h e  sewage t r e a t m e n t  

p l a n t  o f  S o l v i k e n ,  which r e c e i v e s  sewage from t h e  c e n t t a l  

p a r t s  o f  t h e  town. The h e a t  pump u s e s  abou t  60 MWh o f  

e l e c t r i c i t y  a n n u a l l y ,  and d e l i v e r s  abou t  500 MWh. De l ive -  

r e d  e f f e c t  i s  110 kW. The h e a t  from t h e  t r e a t e d  sewage 

i s  b rough t  t o  a  s p e c i a l l y  de s igned  h e a t  exchange r ,  which 

d e l i v e r s  h e a t  t o  t h e  h e a t  pump, i n  t u r n  h e a t i n g  t h e  . 
v e n t i l a t i o n  sys tem f o r  t h e  sewage t r e a t m e n t  p l a n t .  

The h e a t  pump has been o p e r a t i n g  f o r  a b o u t  a  h e a r ,  and has 

been f u n c t i o n i n g  w e l l .  The t e m p e r a t u r e  o f  t h e  sewage has  
0 

been d e c r e a s e d  by abou t  1 C ;  from 12 t o  1  1°c d u r i n g  most 

o f  t h e  y e a r ,  and from 6 t o  ~ O C  i n  t h s  s p r i n g ,  when l a r g e  

volumes o f  w a t e r  f l ow  t o  t h e  p l a n t .  



A l a y o u t  o f  t h e  h e a t  pump sys tem can  be s e e n  i n  

t h e  f i g u r e  below: 
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- .  

Evapora:or w 
I 
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Preheaiinq 



  he installation has cost about 500,000 Skr 

(about 60,000 $ 1 ,  and it is expected to be amor- 

tized within 5 years. 

A heat pump has also been installed in Mora for the 

heating of dwellings. A residential area of about 

170 dwellings and some other buildings, uses, alterna- 

tively, waste heat from the untreated sewage and 

earth heat.' The heat pump installation accounts for 

about 75 per cent of the annual heat demand. The 

installation is currently under revision by the Swedish 

Council for Building Research. 

 h he reduction bf oil consumption for the area can be 
seen in the following figure: 
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Energy conservation in water supply and sewage systems 

may also be achieved by using alternative techniques for 

the construction of distribution systems. In the resi- 

dential area of Balder-Lisselsbyin Mora, the trenches 

' for the water and sewage pipes have been made relatively 

shallow, and insulated. The district heating pipes have 

been placed in the same trench, thereby benefiting from 

the heat loss in these pipes. This technique makes it 

possible to construct considerably less expensive, 

distribution systems, especially in the northern regions, 

and where rock blasting would otherwise have been 

necessary. The system of Balder-Lisselsby has been ln 

use for some years, with encouraging results. 




