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ENERGY EFFICIENCY AND URBAN RENEWAL
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Abstract:

The Paper notes the importance of energy consumption in agglomerations (65 - 70 % in
the economies in transition) and of related emissions. It assesses the technical and cost-
effective potential for a 40 % and more decrease in urban energy intensities and
SO2/NOx emissions by 2020, resulting from a systemic approach to urban as well as
energy planning. Compared to approaches worldwide, urban energy renewal in the eco-
nomies in transition appears, at its beginning, characterized by a traditional focus on exi-
sting technological supply sub-systems such as district heating and co-generation. The
obstacles to a more systemic approach, including demand side management, are slow
progress in urban and energy reforms and a lack of acquaintance with modern planning
tools. International cooperation is inincommensurate with the long-term challenge of "su-
stainable urban development".

UCINKOVITO KORISTENJE ENERGIJE I URBANA
OBNOVA GOSPODARSTVA ZEMALJA U TRANZICIJI

Sazetak

Rad prikazuje vaznost potrosnje energije u urbanim aglomeracijama (65-70% u gospo-
darstvima zemalja u tranziciji) i kolicinu pratecih emisija. Utvrduje se tehnicki i troskovno
ucinkoviti potencijal koji bi do 2020. godine, sustavnim pristupom urbanom i energet-
skom planiranju, omogucio smanjenje urbanog energetskog intenziteta i emisije
SO2/NOX za 40% ili vise. U usporedbi sa svjetskim pristupom, urbana energetska obno-
va u gospodarstva zemalja u tranziciji zapocela je tradicionalnim pristupom, tako da kod
tehnoloske opskrbe podsustava koriste se centralizirani toplinski sustavi i kogeneracija.
Prepreke sustavnom pristupu, ukljucujuci upravljanje potraznjom, su sporo napredova-
nje urbane i energetske reforme i nepoznavanje modernih nacina planiranja. Meduna-
rodna suradnja ne odgovara dugorocnom izazovu "odrzivog urbanog razvoja".
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Preface

Cities offer more than shelter, markets or entertainment. They represent - imperfectly -
the normative perceptions of an ideal urban society, - the most famous (by the way, so-
cialist) design being "Utopia" by Thomas Moms, London 1516.

The "Ideal City" of our times is the "Sustainable City", defined to offer an optimum of ser-
vices to a growing number of inhabitants while not prejudicing future generations and
ecological equilibria. Sustainable urban development is the response to pollution, con-
gestion, contamination and urban decay. The main avenue to sustainable urban deve-
lopment is energy efficiency, conceived as an integrated part of urban planning, and de-
fined as "decreased urban energy intensity". Raising energy efficiency in central and
east European cities is the subject of the present paper.

I. FACTS AND PROBLEMS:
URBAN ENERGY CONSUMPTION AND EMISSIONS

Urban energy consumption and related emissions have been driven, and will continue to
be driven, by population growth and urbanization. Ever rising numbers of people will
live in, or migrate to, cities in search for better opportunities: income, health care, shelter,
comfort, education, leisure. While in 1970 37 % of the world population was "urban", by
2020 this percentage will have almost doubled to reach 63 %. In the economies in transi-
tion, the share of urban population will grow from 57 % to 76 %. By 2020, the world ur-
ban population will be around 5 billion inhabitants, as many as the whole world popula-
tion in 1990.1 Almost all the projected growth in the period 1990-2020 will be urban, both
worldwide and in the economies in transition.
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Table 1: Urban and total population growth, 1970, 1990, 2020 in millions and urban
population in % of total

Europe
former USSR
Latin America
Asia
Africa/M. East
North America

developed
developing

World

1970

urban

307
138
163
517
83
166

611'
763

1374

total

495
243
286

2019
429
227

965
2734

3699

%

62
57
57
26
19
73

63
28

37

1990

urban

364
195
324
950
223
204

763
1497

2260

total

554
289
448

2953
773
276

1119
4174

5293

%

66
67
72
32
29
74

68
36

43

2020

urban

422
260
645

2618
914
260

942
4177

5119

total

600
344
716

4366
1739
326

1270
6821

8091

%

70
76
90
60
52
80

74
61

63

Source: World Energy Council, Energy for Tomorrows World, London 1993, Tables 1.7 and C1a

A. Urban energy consumption

At present, 50 - 55 % of primary energy and electricity consuption in the world and 65 -
70 % in the economies in transition are prompted by urban needs (although not neces-
sarily taking place within city boundaries).

By 2020 these shares will have risen to 60-65 and 70-75 %, respectively.2

However, in absolute terms, the growth of energy demand could be less spectacular
thanks to the potential for decreasing urban energy intensities by 40 % or more (a shift
towards less energy-intensive industries and services, towards mass transport, grid-de-
pendent energy supplies and the modernization of building envelope). Under favorable
assumptions, urban and energy growth might even be disconnected in North America
and Western Europe, levelling at 2.9 bill. toe. This is not likely to occur in the economies
in transition, where urban energy needs are expected to rise from 1.2 bill, toe in 1990 to
1.4 - 1.8 bill, toe in 2020, i. e. by 0.5 -1.4 % per year3. Energy demand growth depends
on economic growth, capital turnover and conservation policies.

A change in fuel structure is also relevant to an efficient and clean city energy manage-
ment, particularly a shift from solids to grid-dependent energies (electricity, district hea-
ting and gas), - the peculiarity of the economies in transition being a continued high re-
liance on gas. Under the pressure of transportation needs, liquids are and remain first in
North America and Western Europe and second in the economies in transition. Small-
scale, renewable or decentralized energy sources are (presently) negligible.
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Table 2: Urban energy needs1'and its determinants, 1990 and 2020

Area

North Am.
West. Eur.
Ec. in trans.
Dev'ing
World

Annual
growth

of total pop.,
1990-

2020, %

0.35
0.7
1.6
1.4

Annual
growth of

urban
pop.,
1990-

2020, %

0.7
1

3.5
2.8

Annual
reduction of

energy
intensity,

1990-
2020, %

1.9-2.8
1.2-2.7
0.8-2.1
1.3-2.4

Total primary
energy needs

bill, toe

1990

4.2
1.7
3.1
9

2020

3.7-5.7
1.7-2.3
6-7.4

11.4- 15.4

Urban primary
energy needs

bill, toe

1990

2.9
1.2
1.2
5

2020

2.9- 4.4
1.4-1.8

4 - 5
7.8-10.6

11 including conversion and transportation upstream urban consumers to capture full implications
of urban energy systems
Source: WEC/IIASA, Global energy perspectives to 2050 and beyond, London 1995, box table 4-
2, Appendix and table 1 of the present report

B. Emissions

Urban emission intensities can also potentially be reduced by 40 % or more as far as
"classical" pollution is concerned. In western Europe and North America, steps have
been taken which have considerably reduced urban pollution. Together with structural
measures, they promise to reduce SO2 emission by 55 % and NOx emission by 40 % by
2020, while CO2 emissions would be stabilized.

In the economies in transition by, 2020, the total SO2 emission is projected to fall by
about 40 %, NOx emission by about 30 % and CO2 emission by 6 %4. A warning signal,
however, flashes: sulphur emission on a per capita basis would still be 60 % higher than
in western Europe and North America - the consequence of fossil-fuel and supply-orien-
ted energy strategies.

Table 3: Per capita emissions 1990 and 2020

Emissions/year

Sulphur 1990
kg/cap 2020
Nitrogen 1990
kg/cap 2020
Carbon 1990
t/cap 2020

Western Europe
North America

31
13
12
7

3.5
3.1

Economies in
transition

42
21
13
8

3.4
2.8

Developing
countries

6
7
2
3

0.5
0.7

World

12
8
5
3

1.1
1.0
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The above regional emission data cover a variety of national and urban situations, inclu-
ding economies in transition. Some areas with low industrialization and low densities are
relatively free of pollution, others, such as the "dirty triangle" (Upper Silesia, North Bohe-
mia, and part of Saxony), are classified as ecological disaster zones.

Table 4: Total emissions and urban concentration, 1990 and 2020

Year/area

1990
North A., W.E.
Ec. in transition
Developing c.
World
2020
North A., W. E.
Ec. in transition
Developing c.
World

Solids

10
17
58
30

6
15
44
26

Source: WEC/IIASA, op. cit., Appendix C

Liquids

52
33
29
39

40
23
34
35

Electricity

17
8
8

13

23
15
8

14

J; for 2020: scenario B

District heating
gas, others

21
41
4

19

31
46
13
25

II. OPTIONS AND CONDITIONS: TECHNOLOGIES, SYSTEMS,
POLICY FRAMEWORKS AND PLANNING TOOLS

What options are available, what are their prerequisites?

A. Technologies

There is no scarcity of "feasible", efficient, environmentally attractive technologies. NASA,
the International Institute for Applied Systems Analysis, holds a data base of some 1500
energy technologies, including those of relevance for use in cities. The need for urban
energy R & D is limited.

Nor is there a problem of (technical) "efficiency". Even heat pumps generate more ener-
gy than they consume. There are prospects for further significant efficiency improve-
ments everywhere.

The first problem is comparing the efficiency of competing technologies. Their energy
content and their system efficiency are not well documented and not taken into account
in real world decisions. The embedded energy content comprises the energy needed
during manufacture of the equipment, whereas the system efficiency takes into account
efficiencies upstream and downstream.

Secondly, at the beginning of their life cycle, new and more efficient technologies are
more costly than those already applied, as the demonstration of their technical feasibility
is more important than cost minimization. In the next step, niche markets are addressed
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that can accept higher cost. Economies of scale result from mass commercialization (for
example the first doubling of production in combustion turbines reduces investment by 18
%, the subsequent doubling by 7 %, the next by even less). It follows that cost-effectiveness
has to be seen as a process taking into account the life cycle of a particular technology.

B. Systems

Technologies may be efficient, technical systems are more efficient. The problem is not
the optimization of technical components in a coherent, reliable and efficient system, but
their insertion into broader economic, ecological, social, urban and, growingly, value sy-
stems. Markets, particularly internationally open markets, can go a long way in securing
efficient and just ("anonymous") resource allocation. At the same time, and particularly in
the energy field, markets

- do not take into account "free" goods like air, water and visual amenities,
- tend to favour short-term solutions,
- address "values" either indirectly, via welfare, productivity, competition, or not at all.

These shortcomings are addressed by remedial, regulatory policies and specific plan-
ning tools.

C. Policy frameworks and planning tools

Urban energy provision is at the cross-roads of two such policy frameworks: urban and
energy policies. The related planning tools are urban planning and least-cost or integra-
ted resource (energy) planning.

Urban planning, as a socio-political phenomenon, represents an attempt at rationalising
a wide range of conflicting goals and activities: maintaining the dynamics of social and
economic development; reducing pollution; balancing the over- and underdevelopment
of various districts; providing transportation, social, energy and housing services; pre-
venting social decay and insecurity; balancing private and public interests. Urban plan-
ning in western Europe is currently characterized by increased planning flexibility, the
emergence of conservation policies, some deregulation and some degree of public par-
ticipation in the planning process. From merely monitoring industrial waste and clean
water or by supplying electricity, gas or heat, municipalities tend to develop integrated
environmental, energy and transportation strategies to the extent central government le-
gislation and communal finance permit.

In the economies in transition, the current concerns are those of "controlling" urban re-
form under difficult economic, financial and social conditions. Spearheaded by environ-
mental concern, urban energy planning is being heralded. However, insufficient delega-
tion of authority from central to city government, problems with financing energy inve-
stments, coordination (with other, perhaps more powerful, city departments) and practi-
cal enforcement weaken the signals that urban planners send to energy planners.
Yet, without an upgrade in building and zoning codes and their enforcement, without
emission and transportation policies, a clarification of the respective roles of private, mu-
nicipal and national providers of energy services, broad public participation, any inve-
stment in urban energy services would be a dangerous cure of some most urgent pro-
blems rather than part of a coherent and long-term urban energy strategy.
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The corollary to urban planning is energy planning, particularly least-cost planning. Wi-
thin the constraints determined by urban policies, the provision of energy services (light,
heat, mobility) is optimized by a comparison, on an equal footing, of possible demand
and supply side measures. Least-cost planning works best if the field of application is re-
stricted to a well-defined project, area or need, and if the determining parameters are dri-
ven by markets and prices, be they real or virtual (i. e. corrected for externalities). Prices
represent resource scarcities bests, if markets are open and competitive.

This latter condition is certainly not met in the economies in transition, and not easily met
in many developed market economies. Imperfections such as absence of inter- or intra-
fuel competition, regulated energy prices, state ownership over energy supply industries,
uniform and flat-rate tariffs, limited consumer access to information, affect the practical
applicability of LCP/IRP. They do not, however, question the intrinsic usefulness of this
tool for urban energy system analysis and planning

III. EXPERIMENTS AND EXPERIENCE: MARIBOR, HANOVER,
DELHI AND CALCUTTA, MEXICO CITY, COPENHAGEN,
FUJI CITY, MOSCOW, TWER

Papers submitted to the 16th Congress of the World Energy Council (Tokyo, October
1995) indicate that these concepts have been at least partially implemented.

A)Maribor(Slovenia)

Paper 2.4.026 recalls that in the past Slovenian towns had not been treated as integrated
entities which has led to imbalances in energy supply, waste-water supply and treat-
ment, and traffic infrastructure. The energy supplies of urban areas represent an impor-
tant item in the complex process of energy planning. The city of Maribor, second-largest
in Slovenia, has been chosen as a demonstration zone. The need for a prompt and relia-
ble information base has encouraged the elaboration of an Energy Information System,
linked to a Geographic and a Municipal Information System. These data bases, available
to users, producers and city planners, simulate efficiency gains and emissions, optimise
energy supply at city or enterprise level, and serve for energy audits. Since 50 - 60% of
the urban energy needs are for heating, the future needs for hot water (district heating)
and gas supplies have been simulated and costed with the help of these information sy-
stems. Subsequently, natural gas-based co-generation has been evaluated to cope with
the projected rise in electricity, hot water and low-temperature heat demand. These and
other measures have decreased SO2 emission by 91%, CO2 emission by 79% and dust
emission by 80%, while NOx emission (traffic) increased by 25%.

b) Hanover(Germany)

Paper 3.1,097 reports on measures taken by Stadtwerke Hannover - the regional energy
supply utility - to render energy consumption in the urban environment as rational and
ecologically acceptable as possible. Apart from two ad hoc programmes addressing the
existing building stock and new low-energy houses, Stadtwerke Hannover undertook a
comprehensive least-cost planning and demand side management study for its electrici-
ty supplies. The calculated savings could be as high as 40 MWel. Implementation of the
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study, however, rests on the improvement of know-how with LCP and DSM, and on the
adaptation of the regulatory framework, particularly as regards the equitable sharing of
costs and benefits among the various actors. Stadtwerke Hannover is also developing a
new housing estate of 6000 dwellings for the World Fair EXPO 2000 featuring a compre-
hensive and integrated planning of heat, hot water and electricity supplies.

c) Delhi and Calcutta (India)

Paper 3.2.048 investigates the barriers towards sustainable energy development in Delhi
and Calcutta against the background of India's developmental and constitutional status.
Energy intensities and carbon emissions in these two metropolises are significantly abo-
ve national average. Therefore, specific response strategies are advocated to increase
the efficiency of energy supplies, to tap the demand side conservation potential and to
promote fuel substitution. Micro-level data and energy demand functions suggest that in-
tegrated approaches are more efficient than isolated ad hoc measures. However, such
approaches meet barners that to a large extent are generated at national level: lack of ef-
fective energy conservation policies, codes and standards; slow market reform and pri-
vate sector involvement; counterproductive tax and pricing policies that hamper inve-
stments in new, efficient technologies and equipment. Those barriers are aggravated by
local deficiencies: insufficient power of local authorities; flat or uniform tariffs; ineffective
traffic and waste recuperation/treatment strategies; lack of finance.

d) Mexico City (Mexico)

Paper 4.2.069 describes the participation of Petroleos Mexicanos, the supplier of refined
petroleum products to Mexico City, in an integrated programme to reduce pollution in
the metropolitan area (17 million inhabitants). This participation proved essential as most
of the energy consumption is prompted by traffic and a less efficient combustion of oil
products than at sea level. High NOx and ozone formation resulted. Under the auspices
of the Department of Energy an economy/energy/environment interaction model was de-
veloped that analyses interrelationships and simulates remedial measures. It prompted
PEMEX to develop and market better (unleaded) gasoline and low-sulphur industrial
fuels. The result was a significant reduction of ozone, hydrocarbons, carbon monoxide,
nitrogen oxides and particulates. Traffic velocity increased. Presently, the focus is on the
introduction of catalysts, transit planning, coordination of transport and new technologies.
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e) Copenhagen (Denmark)

Paper 4.2.1110 reports on the least cost planning of electricity and heat supply in eastern
Denmark, with Copenhagen as the centre. In 1994, the Danish Parliament adopted an
act that obliged utilities to apply integrated resource planning. A first the IRP plan sugge-
sted different strategies for the demand and supply sides, with alternative fuels, conser-
vation measures and industrial/local co-generation. Moreover, it evaluated implications
on emissions, security of supplies, compliance with international agreements and impact
on the international competitiveness of the Danish industry. Coordination with all parties
concerned - politicians, central and local authorities, producers and users - proved es-
sential for applying IRP, as was a fair sharing of advantages gained through it. The long
acquaintance of Danish utilities with IRP and demand side management proved an as-
set.

f) Fuji City (Japan)

Paper 4.3.1011 describes a vision that would transform a highly urbanised and industria-
lized, but stagnant agglomeration at the foot of Mt. Fuji into a model city of the 21st cen-
tury. It aims at new employment opportunities, a preserved environment, high-quality ur-
ban life styles and rational and clean energy. The approach is comprehensive, long-term
and participatory, involving all interested parties. A specific development Council has
been created to promote recycling, energy conservation, industrial restructuring, tran-
sport infrastructure improvement, urban renewal, reduction of the number of smoke-
stacks, and recreational facilities. The need for a more formal coordination body compri-
sing government, industry, academia and citizens is recognized.

h)Twer

The European Union's TACIS Programme sponsored a feasibility study for the optimiza-
tion of energy demand and supply for the city of Twer until 2010 which might serve as a
master for other Russian cities. The study analyzed the present status of energy supplies
in its legal and economic context and elaborated two scenarios: trends continued and
enhanced efficiency. Compared with 1991, this efficient scenario would reduce total pri-
mary energy needs by 34 % and CO2 emission by 32 %; domestic heat requirements
would be lower by 31 %, although total living space would have increased by 22 %. Im-
plementation requires the establishment of an urban coordinanting mechanism, training,
public information, a merger of the two district heat suppliers, detailed technical studies,
demonstration projects and international cooperation (twinning with the German town of
Osnabruck)12

IV. LESSONS AND VISIONS: FROM DEMONSTRATION ZONES TO
URBAN SUSTAINABILITY

What has been done to generalize world experience and the vision of sustainable urban
development throughout central and eastern Europe? A number of initiatives are presen-
tly implemented:
1. Since 1990, the UN/ECE has been promoting energy-efficient demonstration

zones in central and eastern Europe by providing a framework which allows the
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private sector and foreign investors to assist municipalities in gaining experience
with integrated urban energy projects, while market-oriented policies (pricing,
competition, de-regulation) are not yet fully in place (see g above). The Project
also promotes the elaboration of European efficiency standards and labels for
selected consumer goods, and issues manuals such as a "Who's Who in East-
West Energy Efficiency, 1994-1995" and "Financial engineering - sources of finan-
ce for energy efficiency projects" (Geneva, 1994).

CEE URBAN ENERGY RENEWAL IN A NUTSHELL

1. The problem? Unnecessary inefficiency and pollution

2. The solution? Reduced energy and emission intensities

3. The potential? 40 % and more by 2020, but 20 to 50 % of the potential would be
"eaten up" by demographic, urban and economic growth.

4. The net result? Significant net savings and reduced SO2, NC\ emissions, but no
"sustainability" (CO2)

5. Conditions?

a) delegation of power/means from central to local government

b) market-oriented energy reforms

c) integrated urban planning capacity at city level:
- data bases, modelling
- integrated planning tools
- coordination among city departments and the private sector, suppliers and citizens
- upgrade of zoning, building codes, local emission standards, cost-effective tariffs
- investigation into new suppliers
- pilot projects

6. International cooperation partners? UN/ECE: demonstration zones; EU: networ-
king, training, studies; Council of Europe: European Urban Charter

2. The UN/ECE Committee on Human Settlements has elaborated the "Guidelines
on sustainable human settlements planning and management" (Geneva,
1996) with particular reference to energy management in towns in the economies
in transition.

3. The Council of Europe Standing Conference of Local and Regional Authorities
in Europe, in addition to elaborating the "European Urban Charter"13, has spon-
sored two European Fora on "Energy in Towns", the last of which was held in
Geneva in 1988. These Fora did not specifically address the problems of cities in
the then socialist countries of Europe. Since then, no particular energy-related ac-
tivity has been undertaken.
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4. The European Union has set up a Networking Programme for Local Commu-
nities on Energy Efficiency for the PHARE countries (i. e. excluding the CIS).
The Programme supports networking (ECU 3 mill., 1995-1997) and legislative and
market-oriented activities related to heat supply (ECU 1 mill.)14

The focus on urban energy efficiency is less evident in the following initiatives:
5. The European Union TACIS Programme (covering the CIS) supports a demon-

stration project of energy efficiency techniques for the building sector in Belarus
(ECU 1.5 mill.), the development of energy conservation programmes at national
and local level in Moldova (ECU 1.25 mill.) and the development of energy effi-
ciency in Buryakia and Karelia (Russian Federation) to the extent of ECU 2 mill.
eachf5.

6. The European Bank for Reconstruction and Development has established an
Energy Efficiency Department to assist potential clients in the economies in transi-
tion on least-cost energy efficiency and/or conservation investment strategies and
projects. It provides finance, both debt and equity. Supported projects include the
retrofitting of municipal district heating in Belarus, and energy efficient technolo-
gies in Romania, the Czech Republic, Slovenia, Lithuania, and Slovakia. In Hun-
gary, a credit facility has been opened to an energy service company16.

7. The World Bank also finances the application of energy-efficient technologies in
all sectors of the economy provided projects are cost-effective under least-cost
planning and supported by macro-economic structural reforms17.

8. The Global Environment Facility, established to address environmental and
global warming concerns, has begun to co-sponsor energy efficiency projects
and demonstration zones in the economies in transition.

However useful, these initiatives are not conducive to a sustainable use of energy in the
cities of central and eastern Europe, commensurate with the size and trend of pollution
and congestion noted earlier.

Blame on the donors? Blame on the recipients? The fact is that urban energy planners
and practitioners in Europe, East and West, are battling in isolation. They forego the be-
nefits that would arise from the setting-up of a cooperative network on integrated urban
energy renewal in Europe. Those benefits would include: enhanced visibility, greater pu-
blic awareness and hence support, international self-aid and ... a more sustainable urban
development.
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