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History of District Heating Systems History of District Heating Systems 
• First district heating systems (DHS) were built in ancient Roman Empire for 

baths and green houses;baths and green houses;
• The oldest still existing was built in 14th century in Chaudes-Aigues Cantal 

village in France. This system distributed warm water through wooden pipes 
and it is still in use todayand it is still in use today

• The first commercial district heating system was created by Birdsill Holly in 
Lockport, New York in 1877 and consisted of the boiler and a distribution loop 
with steam pipes, radiators, and a condensate return lineswith steam pipes, radiators, and a condensate return lines

• Denver's district steam system is in service since November 5, 1880 
• Consolidated Edison of New York (Con Ed) operates the New York City steam 

system  the largest commercial district heating system in the United States built system, the largest commercial district heating system in the United States built 
in 1882

• District steam heating systems were created before the invention of electric 
power distribution system in 1882 by Edison  power distribution system in 1882 by Edison. 
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Poor Temperature Control with Steam Heating 
SystemsSystems
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Steam Leaks from Piping SystemSteam Leaks from Piping System
The expansion and contraction a steam system experiences as it is started and 
shut-down can stress the piping components resulting in leaks. Leak in a steam 
results in a waste of energy and water. Leaks of superheated steam are not visible 
can be very dangerous. 
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Failed Steam TrapsFailed Steam Traps

A steam trap is a device that allows condensed
f Osteam to pass, but stops steam flow. Over time,

the internal parts will fail, which can result in either
the trap failing in the closed or open position. If it
fails closed, then steam will not flow to the heating
device and it will stop heating. If the trap fails in the
open position, the heating device will continue to
function, but additional steam will be lost through
the trap opening or orifice. 
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Poor Fuel Handling Resulting in 
Significantly Reduced Efficiency



Insufficient or Damaged Insulation



Flooded Distribution System Resulting in Damaged Insulation 



Poor Water TreatmentPoor Water Treatment

Water treatment is used in 
heating systems to keep 
dissolved and suspended p
solids in solution and to 
control corrosion. Failure to Patch on heating pipe is indication of 

bl ith t t t t

properly treat the water 
can shorten the life of the 

problems with water treatment.

piping system and increase 
the resistance to heat 

Chemical treatment system typically

transfer in heat exchangers
10

Chemical treatment system typically 
found in heating plants.



Steam Vs Hot Water Heating SystemSteam Vs Hot Water Heating System

• Steam system has few moving parts, typically no pump is needed;y g p , yp y p p ;
• Steam heating method has no or poor temperature control;
• Steam system produces loud noise;
• Steam system requires more expensive (double skin) metal pipes;
• Steam distribution system has higher heat losses;

S• Steam heating system require make-up water treatment – when 
neglected results in corrosion of pipes and significant water losses
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Conversion of Steam Heating Systems into Low/Medium  
Temperature Hot Water Heating Systems

Low and Variable T 
Hot Water System
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District Heating Systems WorldwideDistrict Heating Systems Worldwide
• Denmark: 60% of space heating and DHW is covered by 

district heating  In 2007  80 5% of this heat was produced district heating. In 2007, 80.5% of this heat was produced 
from CHP plants; 20.4% is recovered from waste 
incineration

• Iceland: 95 % of houses are connected to DHS based on 
geothermal energy

• Finland: 50% of heating from DHS, 80% from CHP
• Russia: most of heating from CHPg
• Sweden: more than 90%  of heating and DHW from CHP 

with a 90% from renewable sources.  
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Distribution System Replacement with Pre-Insulated 
Bounded PipesBounded Pipes

Advantages of these Pipes
• Directly buried
• Hardly any manholesy y
• No concrete needed
• Last installation
• Leak detection system
• Low prices due to batch production
• Up to DN 300 (1ft.) no compensation 

i drequired
• Less expensive new connections and 

replacement
• Pre-casted fittings and elbows
• Spot-drilling for connecting new 

customers under pressure

Limitation

customers under pressure

• Max. acceptable temperature is limited to 285°F (expected lifetime of 30 years)
• Reduction of annual average temp. to 195…210°F extends the lifetime twice

Other Pipe Systems
• Steel jacket pipes
• in situ insulated pipes in dome shaped ducts• in-situ insulated pipes in dome-shaped ducts
• above ground level pipeline and many more



Photo of a modern Compact Station
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CEP for Brigade Combat Team (BCT), Ft. Bliss

CEP l  i  fi   d i  f  h i  
 

• CEP results in first cost reduction for heating 
equipment , but also has a first cost 
increase for cooling equipment  

• Annual heating and cooling costs with a 
CEP are lower

• Central heating plant solution includes co-
generation for the base heating load, which 
results in generation of 4.3 MWhel/a in 
electricity. 

• Higher efficiency of cooling equipment • Higher efficiency of cooling equipment 
results in electricity use reduction. The total 
annual electricity savings are 5.7MWhel/yr. 

• CEP will reduce 19.3 MWht  (65.9MBtu) of 
fossil fuel, or 67 Btu/ft2 for the total BCT4 
b ildi  l  

DN 50
DN 65
DN 80
DN 100
DN 125
DN 150
DN 200
DN 250

buildings complex area.
• Central heating and cooling solution has 

lower O&M costs and will become even 
more attractive with the energy cost 
increase and provides a cost effective 

11 Barracks 
1 Dining Facility
1 Brigade Headquarter Building
8  Company Operation Facilities
7 T ti l E i t M i t F iliti

p
application of  solar water heating when 
integrated into a central heating/DHW 
concept. 

7 Tactical Equipment Maintenance Facilities

(All tier 1 facilities covered by Army standards and USACE 
standard designs)



Pros & Cons for District Heating Vs. Building Individual Heating Equipment
Pros ConsCons

Higher efficiencies of boilers due to adapted boiler sizes 
regarding load profile (benefit from factor of diversion)

Potential for higher 1st cost in case of co-generation and tri-
generation

Reduced O&M for reduced number of generation sites and 
equipment

Buildings have stand alone system and can be operated 
individually

Reduced 1st costs for security of supply due to N+1 
redundancy in DH system

Opportunity to install dual fuel equipment in a cost efficient 
way

Opportunity for co-generation (Combined Heat-Power) and 
tri-generation (Combined Heat-Power-Chilled Water via 
Absorption)

In case of co-generation  reduction of back-up generators –
reduces 1st costs

Elimination of oil tanks next to every building – reduces 1st

costs

Replacing fuel source or type of generation equipment at 
only a small number of sites impacts a greater number of 
buildingsbuildings

Reduced Life Cycle Costs

Technical Lifetime of central equipment is mostly longer as 
for decentralized boilers

Opportunity to combine with renewable sources or use ofOpportunity to combine with renewable sources or use of 
waste heat from different source

Opportunity to combine DH with Contracting

Opportunity to Install the required pipes together with the 
other utilities – reduces 1st costs



District Heating and CHPDistrict Heating and CHP
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Electricity Generation & Use in USA
B ildi   71% f t t lBuildings are ~71% of total

Conversion
Losses = 63.4%
of Energy for Electric Gen

B ildi

Trans & Dist Losses 
= 7.4% Net Gen Elec

Buildings
70.6%

Largest Cause of Greenhouse GasLargest Cause of Greenhouse GasLargest Cause of Greenhouse GasLargest Cause of Greenhouse Gas
Source: US DoE EIA 2008



Effect of Different EEM on Source Energy Use Reduction 
(Barracks)(Barracks)
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Barracks Building EUI (Source) Vs CBECs 2003
Climate Zone Based on building only EEM

V   CBEC  %
Based on building EEM w/co-generation

V   CBEC  %Vs.  CBECs, % Vs.  CBECs, %

1A 42% 78

2A 43% 77

2B 37% 80

3A 41% 74

3B 40% 77

3C 39% 72

4A 48% 74

4B 26% 744B 26% 74

4C 35% 72

5A 48% 74

5B 44% 74

6A 56% 76

6B 46% 7546%
7 53% 75

8 60% 75



Barracks - Example CHP Theoretical Limit 
(Electrical Tracking)(Electrical Tracking)



Cost-Optimizing for Low Energy Buildings
Integrating EEM’s with Combined Heat and Power (CHP) plant

• Building-only analysis sub-optimizes
• Relook at building EEMS
• Clustering changes the economics 
• Stop adding EEMs when the incremental 

SIRbldg < SIRCHP. 

• This example assumes combined heat and power plant.  Other combinations maybe be 
more optimal. SIRbldg < SIRCHP4CHP



Building Cluster Fossil Fuel Optimization Process



Toward NetZero: CHP with Syngas produced from Biomass
Small-Scale Turnkey Heat  & Power Systems
• Thermal steam & hot water systems (20 – 120 MMBtu/hr)
• Direct-fired thermal systems to convert boilers from fossil fuel to 

syngas
• Steam power or steam CHP systems (2 –10 MW)• Steam power or steam CHP systems (2 –10 MW)
• Syngas to internal combustion engine CHP systems (2 – 10 MW)
• Fuels – wood (commercial); biosolids (development)



District Heating and Solar Water g
Heating
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Solar Water Heating connected to District Heating System Concept
   Water storage 

(70°‐90° C) 
110 MWh 
2000 m3 CHP Gas motors

8,2 MW heat 
7,3 MW Power

  Water storage 
(70°‐90° C) 
110 MWh 
2000 m3 CHP Gas motors

8,2 MW heat 
7,3 MW Power

85° ‐ 900 C85° ‐ 900 C

   70oC   70oC

Collector field
8.000 m2/6 MW 
3.000 MWh/år

Gas boilers

Collector field
8.000 m2/6 MW 
3.000 MWh/år

Gas boilersGas boilers
1 pcs 10,5 MW heat 
1 pcs 13,5 MW heat

Gas boilers
1 pcs 10,5 MW heat 
1 pcs 13,5 MW heat



SWH System SWH System ScaleScaleSWH System SWH System ScaleScale



SWH System cost  Vs. System Sizey y

Energy price based on 3% interest rate and 500 kWh/m2 annually
All prices are excluding subsidy / grants



Bldg Upgrade with Radiant cooling, DOAS & EC (Dir & Indir) LPG  vs. Bldg Upgrade with 
Radiant cooling, DOAS & EC (Dir & Indir) Biomass + Solar Thermal Systems + LPG
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Bldg Upgrade with Radiant cooling, DOAS & EC (Dir & Indir) LPG vs.  Bldg 
Upgrade with Radiant cooling, DOAS & EC (Dir & Indir) Biomass + Solar 
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SWH Collector Field Arrangement Options  for BCT

18.000.000

9.000.000

12.000.000

15.000.000

st
m

en
t [

Eu
ro

]

Ft. Lewis

Ft. Drum

Ft. Bragg

Ft. Bliss

Ft Irwin

NPV of investment considering 
a discount rate of 0 %

0

3.000.000

6.000.000

et
 p

re
se

nt
 v

al
ue

 o
f i

nv
es

Ft. Irwin a discount rate of 0 %
Ft Irwin
Ft Bliss
Ft Bragg

-6.000.000

-3.000.000

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Years of operation

N
e

Ft Drum
Ft Lewis



Cost effectiveness of solar hot water systems
priced at $50/ft2 (replacing electrical heating use)priced at $50/ft2 (replacing electrical heating use)



Cost effectiveness of solar hot water  systems
priced at $50/ft2 (replacing gas-fired heating use)priced at $50/ft (replacing gas fired heating use)



District Energy St Paul, MN

Solar Water Heating system with 144 collectors 
20 ft  by 8 ft) having 1MW peak capacity are

d i h t t f h ti dproducing hot water for space heating and
domestic hot water usage primarily for the 
St Paul River Centre and sending excess
energy to the District Energy heating networkenergy to the District Energy heating network.
District Energy heats more than 185  buildings
and 300 single -family homes (31.1 M ft2) and
cools more than 95 buildings (18.8 M ft2) in
downtown Saint Paul, MN and adjacent areas. 
Heating network is connected to a CHP plant
fueled by wood chips producing  25 MW of
l t i it d 65 MW f th l

Completion:
March 2011 electricity and 65 MW of thermal energy. March 2011
Project Cost:
$2,000,000



Conclusions
• Problems with aging district steam heating systems: significant O&M 

costs, energy and water losses, poor temperature control;
St  h ti  t   ith  b  d t li d  b  l d • Steam heating systems can either be decentralized or be replaced 
with variable temperature-variable flow water heating systems;

• District water heating and cooling  systems have lower LCC District water heating and cooling  systems have lower LCC 
compared to decentralized solutions;

• CHP systems increase efficiency of electricity generation with a 
t  h t d f  h ti  d liwaste heat used for heating and cooling;

• Large scale SWH systems connected to district heating systems 
make SWH systems LCC effective almost everywhere in CONUS make SWH systems LCC effective almost everywhere in CONUS 
and in Hawaii;

• CHP systems can be fuel flexible and can turn the community into 
NZE h  bi     d   f l  NZE when biomass or syngas are used as a fuel. 



Some References
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Thank you for your attentiona you o you atte t o
Questions??

Alexander.M.Zhivov@usace.army.milAlexander.M.Zhivov@usace.army.mil


